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INTRODUCTION 
Research on swine crossbreeding was begun as early as the late 
1890's, but swine producers did not seriously consider the use of cross­
breeding until hybrid seed corn was introduced in the late 1930's. 
Apparently the phenomenal success of crossbreeding with seed corn forced 
the swine industry to critically review the earlier swine research and 
implement those recommendations. The acceptance and success of cross­
breeding in swine is evident today by the fact that approximately 95 per­
cent of the market hogs produced in the United States are crossbred. 
Crossbreeding has three major advantages. The first and most 
obvious advantage is the production of individual and maternal heterosis, 
primarily in the lowly heritable traits. Although performance of a 
breed may be improved by many generations of selection, crossbreeding 
provides a second advantage of almost immediate improvement in perfor­
mance through the incorporation of desirable genetic material in only one 
or two generations. The third advantage is the utilization of comple­
mentarity or the improvement in production associated with the combina­
tion of the desirable traits of two or more breeds in one production 
system. 
Much early research centered on determining which traits expressed 
heterosis, which breeds should be used in crosses and/or what type of 
crossing system should be used. Later research dealt with the develop­
ment of inbred lines and their use in crosses. Most of the early ex­
periments, however, were either not statistically analyzed or were 
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analyzed using rather simple models with little, if any, attempt at 
attaching a genetic basis to their results. In an effort to better un­
derstand the genetics of crossbreeding, Henderson (1948) modified the 
statistical models of Sprague and latum (1942) to estimate maternal 
combining ability and sex-linked (reciprocal) effects in addition to 
general and specific combining ability effects. 
The purpose of this study was to determine the effects of cross­
breeding on litter performance and carcass desirability using purebreds, 
single crosses and backcrosses of the Chester White, Duroc, Hampshire 
and Yorkshire breeds. Each single cross was partitioned into deviations 
due to general combining ability, maternal ability and specific combining 
ability. Maternal heterosis was estimated as the deviation of maternal 
backcrosses from paternal backcrosses, individual heterosis was estimated 
as the deviation of single crosses from purebreds, and the residual pure­
bred effect was estimated as a deviation of each pure breed from estimates 
of general combining ability and maternal ability. The results of this 
analysis should provide valuable information toward answering many of the 
previously mentioned questions. 
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LITERATURE REVIEW 
Experiment stations began research comparing the performance of 
purebred and crossbred pigs as early as 1890. One of the first published 
reports was presented by Otis (1904) who noted that crossbreds made bet­
ter gains than purebreds. Reviewing the literature to the present would 
be too voluminous to present in this review. A review of the research 
on swine crossbreeding during the last 25 to 30 years was earlier pre­
sented by this author (Schneider, 1976). Other authors (Lush et al., 
1939; Craft, 1953; Willham, 1960) have given excellent treatment to much 
of the earlier work. This review will concentrate on research reported 
since 1960 with special emphasis on those sources which are most relevant 
to this study. 
Genetic Effects of Crossbreeding 
Hetzer ^  (1961) evaluated single crosses among six inbred lines 
of swine. Preweaning characteristics that they studied included litter 
size, litter weight and pig weight at birth, 21 and 56 days. Postweaning 
growth and carcass characters included pig weight at 90 and 140 days, 
daily gain to 225 pounds, total carcass yield, lean cuts yield, bacon 
yield, total preferred cuts yield, fat cuts yield and carcass backfat 
thickness. The mean squares associated with general combining ability 
were larger than their corresponding error terms for most litter traits 
but were significant only for litter weight at 56 days. In contrast, 
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general combining ability was significant for all postweaning growth 
measures and carcass traits except bacon yield. Maternal ability had 
no demonstratable effect on litter size, but was statistically signifi­
cant for litter weight and pig weight at 56 days, pig weight at 140 
days, total carcass yield, bacon yield and fat cut yield. There was no 
evidence of specific combining ability for any traits studied except 
bacon yield. 
Pani e^ al. (1963) studied the maternal effects of Landrace and 
Poland China swine by evaluating the differences between reciprocal 
crosses. They found significant differences for litter size, litter 
weight and pig weight at birth, 56 and 154 days. No significant dif­
ferences were noted between the reciprocal crosses in backfat thickness, 
body length and heart girth measurements. The authors concluded that 
breeding of dam (maternal ability) can have a very important influence 
on litter size and litter weight at almost any age with the greatest 
effect being on the number of pigs farrowed and raised. 
Smith and King (1964) studied the litter production of various 
purebred and crossbred groups on British farms. Traits studied by the 
authors included litter size born alive, and litter size and litter 
weight at three and eight weeks of age. The advantage of single cross 
litters over purebred litters ranged from 2.2% to 10.0%, increasing 
generally with the age of the litter and being higher for litter weight 
than litter size. The advantage in litter size of crossbred sows, 
generally producing backcross litters, over purebred litters was double 
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the advantage of single crosses, but the advantage was only slightly 
greater for litter weights. 
Smith and McLaren (1967) evaluated the performance of four pure 
breeds, seven single crosses, seven three-breed crosses (single cross 
dams) and one four-breed cross produced by matings of the Duroc, Hamp­
shire, Landrace, Poland China and Yorkshire breeds. Breeding of the 
pig (the 19 breed combinations) was a highly significant source of vari­
ation for all traits. Small differences between the mean performance of 
single cross litters and purebred litters were noted for litter size and 
pig weight at birth and for backfat. At market time, however, single 
cross litters from purebred dams had advantages of 14.0% for litter size 
and 10.3% for average pig weight with the greater livability and faster 
growth rate resulting in an advantage of 25% in total litter production. 
Crossbred sows producing three- and four-breed crosses farrowed 11.2% 
and raised 13.4% larger litters than did purebred sows producing single 
cross litters with a final advantage of 16.1% in total litter production 
at 180 days. The results indicated little advantage in average daily 
gain and pig weight for progeny of crossbred sows. 
O'Ferrall ^ _al. (1968) evaluated the results of mating males of 
four pure breeds to females of seven inbred lines and compared the single 
cross performance to that of the seven inbred lines. Litter size and 
litter weight were measured at birth, 21 and 56 days. Crossbred litters 
were significantly larger postfarrowing and heavier at all stages of 
development. There were also large significant differences among the 
seven lines of dam for both litter size and litter weight. 
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Bereskin al. (1971) evaluated carcass traits of purebred York­
shires, Durocs and their crosses. Carcass traits studied were length, 
backfat, percent ham, percent loin, percent ham and loin, and loin eye 
area. Breed of sire significantly affected only carcass length whereas 
breed of dam significantly affected all carcass traits. The interaction 
of breed of sire with breed of dam provided a measure of heterosis and 
was statistically significant for backfat, percent ham and loin, and per­
cent ham. Significant differences among sires within breed of sire were 
found only for loin eye area and percent ham and loin. However, all 
mean squares corresponding to sire within breed of sire were larger than 
the respective error mean squares. 
Fahmy ^  al. (1971) evaluated 28 single crosses produced by mating 
the Berkshire, Duroc, Hampshire, Lacombe, Landrace, Large Black, Tamworth 
and Yorkshire breeds in a half polyallele design. Comparable litter 
traits included litter size at birth, live birth, 21 days and 35 days; 
litter weight at birth, 21 days and 35 days; and average pig weight at 
birth and 35 days. Breed of dam was a significant source of variation 
for all of these litters traits. Breed of sire and the breed of sire by 
breed of dam interaction appeared not to be important. The Canadian re­
searchers concluded that sows of the three white breeds (Yorkshire, 
Landrace and Lacombe) were generally superior to the colored breeds for 
most of the traits studied. 
Fahmy and Bernard (1971) evaluated the same 28 single crosses as 
Fahmy ^  alL. (1971) for age at slaughter and carcass backfat. Breed of 
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sire and breed of dam were significant sources of variation for both 
traits whereas the interaction was significant only for backfat. 
Crosses using the Duroc and Hampshire breeds as sires ranked higher on 
an index combining market age and backfat. 
Johnson and Omtvedt (1973) and Young e^ al. (1975a) evaluated 
reproductive performance from phase one of the Oklahoma State University 
crossbreeding experiment. Phase one consisted of all possible purebred 
and single cross matings of the Duroc, Hampshire and Yorkshire breeds. 
Litter traits studied by the authors included litter size, litter weight 
and average pig weight at birth, 21 and 42 days. Breed of sire was a 
significant source of variation for four of the nine litter traits, lit­
ter size and litter weight at 21 and 42 days. In contrast, breed of dam 
was a significant source of variation for seven of the nine traits, all 
traits except litter size born and average weight at 42 days. Sire with­
in breed of sire was significant or approached significance for seven of 
the nine traits. Heterosis was large and significant for litter size 
and litter weight at 21 and 42 days, due largely to a higher survival rate 
of crossbred pigs. In general, pigs from Duroc and Hampshire dams ex­
pressed a significant response to crossbreeding regardless of breed of 
sire used whereas pigs from Yorkshire dams did not. 
Johnson ^  (1973) and Young e^ (1976b) evaluated the feedlot 
performance and carcass merit from phase one of the Oklahoma State Uni­
versity study. Comparable traits included average daily gain, age at 
100 kg, carcass length, carcass backfat, loin eye area, percent lean cut 
yield, marbling and color. Breed of sire was a significant source of 
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variation for all traits except age at 100 kg, whereas breed of dam was 
significant for all traits except loin eye area. The breed of dam mean 
square was smaller than the breed of sire mean square for all traits ex­
cept age at 100 kg. The authors suggested that this implied a negative 
covariance between direct and maternal effects. The breed of sire by 
breed of dam interaction was significant for five of the eight traits 
suggesting considerable non-additive genetic variation. Most reciprocal 
differences involving Yorkshires were significant indicating a difference 
in the maternal influence of the three breeds. Significant and favorable 
heterosis was found for average daily gain, age at 100 kg and carcass 
length. The general lack of heterosis for the remaining traits indicated 
that the carcass merit of the single crosses can be approximated by the 
average of the pure breeds involved in the crosses. 
Johnson ^  (1974) and Johnson and Omtvsdt (1975) reported the 
results from phase two of the Oklahoma State University study. Phase two 
consisted of two- and three-breed cross pigs produced by the mating of 
purebred sires of the Duroc, Hampshire and Yorkshire breeds to purebred 
and single cross dams from phase one. Comparisons of three-breed cross 
and two-breed cross litters indicated that maternal heterosis was sig­
nificant for litter size and litter weight at 21 and 42 days with cross­
bred dams having produced the largest and heaviest litters. The effect 
of maternal heterosis was negligible on average pig weights, rate of 
gain and carcass traits. 
Bereskin ^  (1974) evaluated litter measurements of all possible 
combinations of two Duroc and two Yorkshire lines that had previously been 
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selected for high and low backfat. Litter traits studied were litter 
size, litter weight and average pig weight at birth, 21 and 56 days. 
General combining ability was a significant source of variation only for 
litter size born, average pig weight born and average pig weight at 56 
days. In contrast, maternal ability was a significant source of varia­
tion for litter weight and average pig weight at all stages. Specific 
combining ability was noted for average pig weight at all stages and lit­
ter weight postfarrowing. Heterosis was significant for all nine traits 
and increased with age at measurement. Further evidence for a negative 
correlation between additive and maternal effects was presented with 
six of the nine correlations of general combining ability with maternal 
effects having been negative. 
Bereskin and Davey (1974) evaluated the carcass merit of the breed 
combinations described by Bereskin ^  al. (1974). They found breed of 
dam to significantly influence all carcass traits except percent bone but 
noted non-significant differences for breed of sire. 
Yu et (1975) evaluated all possible purebred and single cross 
combinations of the Duroc, Yorkshire and Landrace breeds. Crossbred pigs 
were significantly heavier at 21, 56 and 154 days and reached market 
weights 20.4 days sooner. Although the differences were not significant, 
positive heterosis was noted for litter size at all stages, carcass 
length, carcass backfat and percent lean cuts. 
Holtmann ^  (1975) evaluated the female reproductive performance 
of the 28 single crosses produced in the first phase of the Canadian ex­
periment when mated to Poland China sires. Comparable litter traits 
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included litter size and litter weight at birth and 21 days and average 
daily gain from birth to weaning. The effects of cross (the 28 single 
cross dam combinations) was a highly significant source of variation for 
each of these traits. Estimates of breed of maternal grandparent 
(labeled general combining ability by the authors) indicated the superiori­
ty of the three white breeds for litter size, the Large Black breed for 
average daily gain and these four breeds for litter weight at 21 days. 
The authors indicated that specific maternal combining abilities were 
important and therefore not all crosses among these breeds were superior. 
Overall, the Landrace-Yorkshire single cross dam was the most precocious, 
having the largest litter sizes at birth and weaning and have produced 
the heaviest litters by 21 days postfarrowing. 
Fahmy ^  al. (1975) evaluated age at slaughter and carcass backfat 
thickness of the three-breed cross pigs described by Holtmann e^ al. 
.1975). The effect of cross was significant for both traits. Estimates 
of breed of maternal grandparent indicated that the Landrace and Large 
Black breeds were superior for age at slaughter, the Hampshire breed 
superior for backfat and the Large Black breed inferior for backfat. The 
Hampshire and Landrace breeds were indicated to be superior using an 
index combining backfat and age at slaughter. 
Fahmy a2. (1976) evaluated the performance of 20 three-breed 
crosses produced by mating Yorkshire, Landrace, Lacombe, Hampshire and 
Duroc sires to Landrace-Yorkshire, Hampshire-Landrace, Large Black-
Lacombe, Large Black-Landrace, Duroc-Lacombe and Duroc-Yorkshire dams. 
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Traits included feed efficiency, average daily gain, carcass backfat, 
loin eye area and age at slaughter. The effect of breed of sire was 
significant for all traits, breed of dam was significant for all traits 
except feed efficiency and the interaction was significant only for back­
fat. The authors concluded that the choice of sire breed for a terminal 
cross is simplified by the fact that neither the Landrace nor the Lacombe 
offered attractive performance potential. The remaining sire breeds con­
ferred on their progeny either exceptional growth, outstanding carcass 
quality or some of both. The final choice of sire breed depended on 
which breed best complemented the performance of the crossbred dams with 
several combinations showing promise. 
Nelson and Robison (1976) published the results of a crossbreeding 
project conducted at North Carolina State University. Traits included 
litter size and pig weight at birth and 56 days, pig weight at 140 days, 
total litter production and backfat probe. The first phase of the study 
consisted of all possible single cross combinations of the Duroc, Hamp­
shire and Yorkshire breeds. Analyses indicated breed of sire to be a 
significant source of variation for pig weight at 140 days and backfat 
probe. Breed of dam was a significant source of variation for all pig 
weights and backfat probe. 
The second phase of the North Carolina State study consisted of 
matings between sires of the Duroc, Hampshire, Yorkshire and Poland 
China breeds and dams of the six single crosses produced in the first 
phase (Nelson and Robison, 1976). Analyses of the three-breed crosses 
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indicated breed of sire to be significant for all traits except number 
bom and 140 days weights, whereas breed of dam was significant only for 
backfat probe. 
In summarization of this review, heterosis of the pig or individual 
heterosis has significantly affected most measures of litter performance 
postfarrowing. Although some evidence of an initial advantage in litter 
size farrowed of crossbreds has been presented, survival from birth to 
weaning appears to be the major cause of early heterosis in litter size 
and litter weight postfarrowing. Significant advantages in pig weight 
generally began by weaning with the final advantage in total litter pro­
duction at market time having been due to both improved early survival 
and to the later advantage in feedlot gain and/or average pig weight. 
Although individual heterosis estimates for carcass characteristics have 
been small and non-significant, results have consistently shown the supe­
riority of crossbreds for most measures of carcass merit except backfat 
and carcass quality. 
Maternal heterosis has been shown to be consistently large for 
litter size and litter weight postfarrowing. The advantage in early lit­
ter size was sometimes due almost entirely to larger litters being far­
rowed, but occasionally due almost entirely to reduced early mortality. 
The effect of maternal heterosis on the remaining traits including average 
pig weights and various other measures of feedlot performance and carcass 
desirability appeared to be quite small. 
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In contrast, tests of significance for the remaining effects 
measured among crossbred progeny, i.e., general combining ability, 
specific combining ability and maternal ability, have not been consis­
tent. There is some evidence that the effect of general combining 
ability on litter performance is limited to average pig weights with 
some indication that its effect increases with age. Maternal ability, 
however, appears to affect primarily litter size and subsequently lit­
ter weight with its effect decreasing with age. All three of these 
effects have been found to frequently affect measures of carcass merit 
with the frequency of occurrence being greatest for general combining 
ability and smallest for specific combining ability. 
Non-Genetic Effects on Swine Performance 
Season of farrow has been shown to affect litter size, litter 
weight and average pig weight with fall-farrowed litters generally being 
smaller and lighter (Smith and McLaren, 1957; Johnson and Omtvedt, 1973). 
Although the results have not always been consistent across experiments, 
season of farrow appears to affect all carcass measurements with fall-
farrowed pigs generally producing the most desirable carcasses (Judge _e^ 
al., 1959; Bruner and Swiger, 1968; Quijandria ^  , 1970; Johnson ^  
, 1973). 
Parity or age of dam has been found to be a significant source of 
variation in litter performance from birth to weaning with one-year old 
sows generally having fewer and lighter pigs (Hetzer ^  al-, 1961; Smith 
and McLaren, 1967; O'Ferrall e_t , 1968; Fahmy , 1971; Holtmann 
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^ al., 1975; Young et al., 1976a). Some evidence of its affect cn 
feedlot performance has been presented (Smith and McLaren, 1967; Fahmy 
et , 1975). Age of dam has had little effect on carcass merit (Bruner 
and Swiger, 1968). 
Most research on quantitative carcass traits has indicated that 
gilts generally produce superior carcasses (Hetzer ^  al. , 1961; Hale and 
Southwell, 1967; Bruner and Swiger, 1968; Quijandria et al., 1970; 
Bereskin et al., 1973; Bereskin and Davey, 1974). Bereskin et al. (1971), 
however, found no significant differences between sexes for any carcass 
traits. Little research concerning the effect of sex on carcass quality 
has been published although Judge e^ al. (1959) found significant dif­
ferences in color. 
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DESCRIPTION OF THE EXPERIMENT 
The swine crossbreeding experiment which produced the data analyzed 
was designed in the late I960's by Iowa State University scientists and 
later conducted at the Bilsland Memorial Farm located near Madrid, Iowa. 
The primary objective of this experiment was to make comparisons among 
crosses involving four prominent swine breeds to determine which crosses 
give the most heterosis associated with market hog performance and mother­
ing ability. Phase I of this study consisted of the production of single 
cross and purebred litters from the mating of purebred sires and dams. 
Single cross sires and dams were then backcrossed to representatives of 
their parental pure breeds in Phase II. 
The breeds used in this study were Chester White, Duroc, Hampshire 
and Yorkshire. Populations of the last three breeds were present in the 
Iowa State University breeding herd in 1969. Since there were no Chester 
VJhites, several purebred females were purchased from producers in the 
state. To avoid disease transmission their litters were delivered by 
Caesarean section and subsequently delivered to the farm where they 
were raised by foster dams. The populations of all four breeds were then 
expanded to provide sufficient numbers for the first breeding season of 
the experiment. Many of the matings in all four breeds were accomplished 
by artificially inseminating dams to sires selected from outside the Iowa 
State herd. This introduction of new genetic material enhanced the 
16 
opportunities for inferences to the population by assuring that offspring 
would be characteristic of the state's population. 
Design of the Experiment 
Matings for each replication of Phase I were designed to produce the 
16 possible breed combinations as outlined in table 1. Five males and 
40 primiparous females of each pure breed were to be used each season 
(replication) with each male being randomly mated to two females from 
each of the four breeds. The total number of matings designed for each 
season were 160: 40 to produce purebred litters and 120 to produce 
single cross litters. 
Table 1. Mating design for one season of Phase I 
Breed of dam 
Breed No. of 
of Sire Sires Chester Duroc Hamp York 
Chester 5 10 10 10 10 
r-uroc 5 10 10 10 10 
Hamp 5 10 10 10 10 
York 5 10 10 10 10 
Original plans were to use males and females only one season and to 
replace the entire breeding herd each subsequent season. Since sufficient 
numbers of Chester White gilts were not available at the start of the 
first breeding season (fall of 1972) and because it was of interest 
whether individual and maternal heterosis were consistent across parities, 
it was decided at that time to avoid further delay and use approximately 
30 percent second-parity dams in each breed combination. As a result. 
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approximately one-third of the first-parity dams from each farrowing 
farrowed again as second-parity dams in each subsequent season. Those 
farrowing second litters were selected at random with the restriction 
that each must have farrowed a gilt litter. Females were pen-mated and 
those who failed to conceive during the ten-week breeding season were 
culled. 
The matings for each replication of Phase II were designed to pro­
duce the 48 possible backcrosses as outlined in tables 2 and 3. The 12 
single crosses were represented as both sires and dams and were back-
crossed to purebreds of the two parental breeds. The design required 
each purebred sire to be mated to 12 crossbred dams—two of each single 
cross that had his breed represented. Each crossbred sire was to be 
mated to four purebred dams—two of each breed that was crossed to pro­
duce him. Again, approximately 30 percent of females used in the first 
two seasons were second-parity dams. The third season, however, used 
dams of first, second and third parities. 
Females were limit-fed four to five pounds per day during gestation 
and fed ad libitum during lactation. Pigs were given access to creep 
feed at approximately three weeks of age and were weaned at five to six 
weeks of age. A 16% crude protein corn-soybean meal finishing ration was 
used. 
All breeding stock were housed on open concrete lots. Farrowing took 
place in farrowing pens in an environmentally controlled building. Dams 
and litters were later moved to individual pens. Pigs were finished in 
modified open-front buildings equipped with flushing gutters. 
18 
Table 2. Mating design for one season of Phase II - crossbred sires only 
Breed of dam 
Breed No. of 
of sire sires Chester Duroc Hamp York 
Chester-Duroc 2 4 4 
Chester-Hamp 2 4 4 
Chester-York 2 4 4 
Duroc-Chester 2 4 4 
Duroc-Hamp 2 4 4 
Duroc-York 2 4 4 
Hamp-Chester 2 4 4 
Hamp-Duroc 2 4 4 
Hamp-York 2 4 4 
York-Chester 2 4 4 
York-Duroc 2 4 4 
York-Hamp 2 4 4 
Table 3. Mating design for one season of Phase II - crossbred dams only 
Breed of sire 
Chester Duroc Hamp York 
Breed of No. of 
dam sires 2 2 2 2 
Chester-Duroc 4 
Chester-Hamp 4 4 
Chester-York 4 4 
Duroc-Chester 4 4 
Duroc-Hamp 4 4 
Duroc-York 4 4 
Hamp-Chester 4 4 
Hamp-Duroc 4 4 
Hamp-York 4 4 
York-Chester 4 4 
York-Duroc 4 4 
York-Hamp 4 4 
Some cross fostering took place during both phases of the experiment. 
The incidence was low and appeared to be a random occurrence across the 
breed combinations. 
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Individual Pig Measurements 
All pigs were weighed individually at birth and at approximately 
three weeks and eight weeks of age. Three-week and eight-week weights 
were adjusted to 21 and 56 days using tlie following formulas developed 
by Whatley and Quaife (1937): 
21-day adjusted weight = (actual weight X 27) / (actual age + 6) and 
56-day adjusted weight = (actual weight X 41) / (actual age - 15). 
The experimental design required each pig to have two final weights. 
The first weight was taken at approximately four and one-half months of 
age and a second weight was taken two to four weeks later or when the 
pig reached a market weight of 220 pounds, whichever occurred first. 
Linear interpolation or extrapolation could then be used to compute an 
adjusted weight as suggested by Taylor and Hazel (1955) . For various 
reasons, a fairly large number of pigs did not have two final weights 
recorded, thus requiring some form of adjustment other than linear 
interpolation. 
Several adjustment schemes have been presented in the literature 
including those of Lush and Kincaid (1943), Taylor and Hazel (1955), 
N.P.P.C. (1976) and Olson _e^ al. (1977). The two latter methods and those 
used to adjust three-week and eight-week weights may be expressed in the 
following general form: 
adjusted weight = (actual weight X (standard age - age intercept)) / 
(actual age - age intercept). 
This general formula may be modified to adjust ages to a common weight 
by the following simple changes: 
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standard weight = (actual weight X (adjusted age - age intercept)) / 
(actual age - age intercept). 
Rearranging terms give; 
adjusted age = standard age X (actual age - age intercept) / (actual 
weight + age intercept). 
Age intercepts found in the literature include a value of 60 for both 
sexes (N.P.P.C., 1976) and separate values for each sex, 31 for gilts 
and 36 for boars (Olson ^  , 1977). Although never published, a 
table of adjustments used by Iowa State University researchers indicates 
a value of 49 is appropriate for both sexes. 
It was concluded that further study into adjustments was warranted 
since the most recently published estimates differed. Using within lit­
ter and sex intra-pig regression methods, age intercepts were calculated 
using 7336 records, each with two final weights. Estimates calculated 
were 41.4 for males and 34.6 for females with the sex difference statis­
tically significant. 
These adjustments were then compared to the previously mentioned 
age intercepts and also to other linear adjustments including adjustments 
based on a common weight intercept, a common intercept not on either 
axis and a constant rate of gain. The criteria used included equal vari­
ances of adjusted weights and interpolated weights, and highest correla­
tion of adjusted weights with interpolated weights. It was determined 
based on these two criteria that age intercepts of 41.4 and 34.6 were 
best and these values were used to adjust these data. 
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The actual formulas used for adjustment were: 
154-day adjusted weight for males = (actual weight X 112.6) / (actual 
age - 41.4) 
and 154-day adjusted weights for females = (actual weight X 119.4) / 
(actual age - 34.6). 
When two final weights were recorded, the average of the two adjusted 
weights were used as the 154-day adjusted weight as suggested by Lush 
and Kincaid (1943). 
Days required to reach 220 pounds was calculated using the last 
final weight and the following formulas: 
Adjusted days to 220 pounds for males = 220 X (actual age - 41,4) / 
actual weight + 41.4 and 
adjusted days to 220 pounds for females = 220 X (actual age - 34.6) / 
actual weight + 34.6. 
Rate of gain was calculated as: 
rate of gain = (actual final weight - actual eight-week weight) / (actual 
final age - actual eight-week age). 
Litter Measurements 
Litter size at birth including stillbirths, litter size both alive 
and litter size at three weeks, eight weeks and five months of age were 
recorded for each litter. Individual pig weight adjusted to the common 
ages were further adjusted to a neutral sex using adjustments from the 
analysis of individual pig traits. The adjusted weights were then summed 
by litter to form total litter weights for each of the five stages of 
development. 
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Carcass Measurements 
Ifhen available one gilt and one barrow from each litter were randomly-
designated for slaughter measurements. Upon attainment of a minimum of 
210 pounds, these pigs averaging 214.7 pounds were slaughtered at a com­
mercial packing plant using standard slaughter procedures. Eight carcass 
traits including yield, length, average backfat, loin eye area, percent 
fat corrected muscle, days to 85 pounds fat corrected muscle, marbling 
and color were evaluated using procedures as outlined by the N.P.P.C. 
(1976). 
Yield or dressing percent was determined by dividing hot carcass 
weight by slaughter weight. After chilling, carcass length was measured 
as the distance from the anterior edge of the first thoracic vertebra to 
the anterior edge of the aitch bone. Carcass backfat was calculated as 
the average of three midline fat depths measured at the first thoracic, 
the last thoracic and the last lumbar vertebrae. 
Prior to processing, the vertebral column was severed between the 
tenth and eleventh ribs with a meatsaw. A knife was then used to cut 
through the loin muscle to a point approximately two inches beyond the 
lateral edge of the muscle. The longissimus muscle was traced on acetate 
paper and the cross sectional area of the longissimus muscle (loin eye 
area) was determined by measuring the tracing with a compensating polar 
planimeter or a grid. Using photographic standards, marbling and color of 
the longissimus muscle were scored subjectively from one to five; partially 
devoid to abundant and very pale to very dark, respectively. 
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During the final season, carcass fat depths were measured at the 
tenth rib at a point three-fourths the distance from the midline edge of 
the longissimus muscle. Since tenth-rib fat depths were required to 
estimate pounds of fat corrected muscle, a method was determined to 
estimate tenth-rib fat depth from average backfat for the earlier seasons. 
Using data from 318 carcasses, the following linear relationship was 
obtained : 
tenth-rib fat depth (in.) = 0.92 X average backfat (in.) - 0.06. 
Pounds of fat corrected muscle, percent fat corrected muscle and 
days required to produce 85 pounds of fat corrected muscle were calculated 
using the following formulas: 
pounds of fat corrected muscle = 1.0 + 0.45 X hot carcass weight (lb) + 
5.0 X loin eye area (in.^) - 11.0 X estimated tenth-rib fat depth (in.), 
percent fat corrected muscle = 100 X fat corrected muscle / hot carcass 
weight, 
days required for barrows to produce 85 pounds fat corrected muscle = 
85.0 X (age at slaughter - 41.4) / fat corrected muscle + 41.4 and 
days required for gilts to produce 85 pounds of fat corrected muscle = 
85.0 X (age at slaughter - 34.6) / fat corrected muscle + 34.6. 
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STATISTICAL METHODS 
Split-split-plot analysis procedures as described by Harvey (1964) 
were used in the analysis of these data with sires as the whole-plot 
experimental unit, litters as the sub-plot experimental unit and pigs as 
the sub-sub-plot experimental unit. A modification of A Three Part 
Algorithm for the Analysis of Data by Least Squares (Bereskin and Norton 
1971) was used to compute the analysis of variance and estimated effects 
The remaining effects, least squares means, standard errors and Duncan's 
multiple range tests were computed by a self-written Fortran program 
using methods described by Harvey (1964, 1975). 
The statistical model used for the analysis of yield, length, back-
fat, loin eye area and percent fat corrected muscle was: 
^ghijktmnopq ^ '"g ^h ^^gh ^^®i \%m^ ^ghijk 
+ + d^) + X.^(h^ + s.%) + A.^(h^ + s .J + A.y(h^ + s.p + A.^(h^ + 
+ Sjm) + - Ai&)Pi2. + - ^ im)Pim + 
M I-
%^m^  %.  ^ ^^^ghijk.'.mno ^ F) + Ighijk&mno 
+ Xp + + %(S*ip + SXjp + + S'<„p) + "(Vljktnmopq-
"T 6 ghijk&mnopq 
where 
g = 1,2,3,4; h = 1,2; i = 1,2,3,4; j = 1,2,3,4; k = 1,2,''', Z = 
1,2,3,4; m = 1,2,3,4; n = 1,2,3; o = 1,2,'"', nghijk2mn; ^  ^ ^  
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.... . and the lamda's are coefficients or multipliers for pnijkf.mnop ^ 
the genetic interaction effects and 
= ^jtri " ° "hen i f 2, i f m, j f 2, j Y m, or 2 f a, 
respectively, 
^'i£ ~ ^im ~ 2 ~ ~ ^  when i ^  £, i ^  m, j / £, or j m, respectively, 
^£m ~ ^  when Z ^ ir., 
and 
^ghijk£innopq ~ observation of the progeny of the p^^ sex in the 
o^^ litter farrowed in the s^^ season of the year re­
sulting from the mating between a dam of the n^^ parity 
and the £m^^ breed combination and the k^^ sire of the 
ij^^ breed combination, 
U = the least squares mean of the purebreds = a + fF + wW where 
F is the mean level of inbreeding of purebred litters and 
W is the mean slaughter weight of all progeny slaughtered 
for carcass measurements, 
tg = an effect common to the g^^ year of farrow, 
s^ = an effect common to the h^^ season of farrow, 
tSg^ = an effect common to the interaction of che g^^ year and 
, th h season, 
gjygj = an effect common to the i^^, j breed of paternal grand­
parent (general combining ability;, 
M h = an effect common to single cross dams (maternal heterosis), 
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^ghijk ~ ^ residual effect common to the sire of the 
ij*"^ breed combination mated to dams to farrow in 
the h^^ season of the year (whole plot error), 
d^,d^ = an effect common to the m^^ breed of maternal 
grandparent (general combining ability + maternal 
ability), 
h^ = an effect common to crossbred progeny and equal to 
the mean of single crosses minus mean of purebreds 
(individual heterosis), 
s.p,s. ,s..,s. = an effect common to the interaction of the i^^ and 13C ITn J ~ J in 
th th , th .th J „th .th , th , , 
Z , 1 and m , 3 and £ or j and m breeds 
occurring only when i 9^ &, m, j # & or j f m 
(specific combining ability), 
P,-c • 0 >P. = an effect common to the interaction of the i^^ and 1X, iTu 3 3 ^  
-th .th , th .th J „th .th , th , . 
Z , 1 and m , j and £ or j and m breeds 
'when i f i ^  m, j ^  £ or j ^  m (residual pure­
bred effect). 
a^ = an effect common to the n^^ parity of dam, 
M ha = an effect common to the interaction of maternal 
n 
heterosis and the n^^ parity of single cross dams, 
f = partial regression coefficient of the Yghijk&mno 
on the F , .... 
ghxj k&mno, 
^ghiiktmno ~ level of inbreeding of the ghijk&mno^^ litter. 
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F = the mean level of inbreeding in purebred litters = 
0.0529,  
i „ = a residual effect commoa to the litter farrowed 
ghi]k&mno 
in the h^^ season of the g*"^ year resulting from 
the mating between a dam of the n^^ parity and 
breed combination and the sire of the ij^^ 
breed combination (sub-plot error), 
X = an effect common to the p^^ sex, 
P 
h^x = an effect common to the interaction of individual 
P 
heterosis and the p^^ sex in maternal backcross 
pigs, 
M 
h X = an effect common to the interaction of maternal 
P 
heterosis and the p^^ sex in maternal backcross 
pigs, 
gx. ,gx. ,gx. ,gx = an effect common to the interaction of general 
P J P Hip 
, . . . .... , .. .th .th .th th 
comoining aoiiicy or cne i . j , y, or m 
breed and the p^^ sex of pig, 
w = partial regression coefficient of y .... . on 
^ " ^ghijkimnopq 
^ghijk&mnopq, 
"ehiikKmnopa " slaughter weight of the q^^ pig of the p^^ sex 
in the o^^ litter farrowed in the s^^ season of the 
g^^ year resulting from the mating between a dam of 
the n^^ parity and the 2m^^ breed combination and 
the k^^ sire of the ij^^ breed combination, 
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W = mean slaughter weight = 214.7 pounds, 
and 
e , . = random residual error. 
ghijkJlmnopq 
2 
Assumptions accompanying the model include b^^^^^~NID(05O|^), 
2 2 
1 , . „ ""NID(0,a, ), e , . „ ^NID(0,o ) and all errors are mutually 
ghijk&mno ' ghxjk^.raiH.pq e ^ 
independent. Sires were assumed to be a random sample of those sires 
used in commercial swine production. Litters were assumed to be a result 
of the random mating of a sire and dam. All other effects were assumed 
to be fixed. The restrictions imposed were: 
' Li'" ° ' Li '.2'" ' Li"" ' n-A 
2 2 , 2 „ 4 2 
_ r _ r- _ r* — v — v = O U  A .  —  U  ^  —  L .  1 1  A . —  ^  l l A . —  .  ~  ^  5 - ^  •  ^  «  
.=1 Shijkîmno p p p ip ip 
The model used for the analysis of the remaining carcass traits and 
all individual pig traits was identical to the one above except the re­
gression on slaughter was not included. The model used for the analysis 
of litter traits was identical to the model above except these effects 
concerning individual pigs, i.e., sex, sex interactions, regression on 
slaughter weight and the final error term were deleted. 
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Only those pigs which reached market ages were included in the 
analysis of individual pig traits. The litter trait analysis included 
only litters that produced market age pigs but included all pigs within 
those litters. 
The application of the above model may be more clearly understood 
by writing the expectations of certain crosses based on the effects in 
the model. By ignoring all non-genetic and random effects, the general 
model may be simplified as follows: 
yijtm 
where all effects are as previously described. 
The expectations of the means of each mating type included in this 
analysis are expressed as: 
mean of purebreds = y 
mean of single crosses = y + h^ 
mean of paternal backcrosses = y + %h^ 
I M 
and mean of maternal backcrosses = y + ^ h + h . 
The expectations of example breed combinations for each mating type are: 
purebred =y....=y+g. +d.+p.. 
1111 1 1 11 
single cross = = y + g. + d^ + h^ + s.^ 
paternal backcross = y^^^^ = y + + hg^ + d^ + ^ h^ + + ^ p^^ 
and maternal backcross = y. . . . = y + g. + ^ d. + hd. + + 'is. . + -iP. . + 
•'iiij "i 1 J ij 11 
h^ 
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RESULTS AND DISCUSSION 
Preliminary analyses were used to test a number of additional effects 
and interactions not included in the previously described model. These 
sources of variation included nearly all possible two- and three-factor 
interactions among fixed effects and a number of additional genetic 
effects theoretically proposed by Dickerson (1969, 1972, 1974) including 
residual reciprocal effects, specific maternal combining ability, grand-
maternal effects and individual recombination effects. None of these 
effects were found to be significant more frequently than one would 
expect by chance alone and were not included in the final model. 
The mean recombination effect, r^ in Dickerson's notation, was 
confounded with years and not estimable. An attempt was made, however, 
to estimate this effect by including data from a control population of 
another experiment and therefore removing the confounding of years. 
The mean recombination effect was not a significant scurcc of variation 
for any of the individual pig or litter traits. Some indication of its 
effect on carcass traits, most notably backfat, was found suggesting 
that further study is warranted. 
The effects of inbreeding of the litter within breeds, inbreeding 
of the dam and inbreeding of the dam within breeds were also tested in 
preliminary analyses and found to be non-significant. The level of in­
breeding of the litter and of the dam were both quite small, 0.0529 and 
0.0439, respectively. The low level of inbreeding with its inherent 
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lack of variability may have reduced the opportunity to test their effect 
on performance and may have prevented any significant responses. 
The distribution of sires and litters included in the analysis of 
litter traits are presented in tables 4, 5 and 6. A total of 63 boars 
sired 137 purebred and 376 single cross litters in Phase I of this study 
with the number of litters in each of the 16 breed combinations ranging 
from 21 to 38. In Phase II 44 crossbred boars sired 248 paternal back-
cross litters and 15 purebred boars sired 304 maternal backcross litters 
with the number of litters ranging from seven to sixteen. Although the 
litter numbers in each breed combination are not equal, sufficient numbers 
were represented to provide adequate estimates of each breed combination's 
performance. The distribution of individual pigs and carcass pigs may be 
found in tables 37 to 43 which present least square means of each cf 
their respective traits. 
Table 4. The distribution of sires and litters that produced pigs of 
market age during four seasons of Phase I 
Breed No. of Breed of dam 
of sire sires Chester Duroc Hamp York 
Chester 15 33 33 33 29 
Duroc 15 36 38 31 31 
Hamp 16 31 21 30 29 
York 17 34 34 34 36 
32 
Table 5. The distribution of sires and litters that produced pigs of 
market age during three seasons of Phase II - crossbred sires 
only 
Breed No. of Breed of dam 
of sire sires Chester Duroc H amp York 
Chester-Duroc • 4 11 10 
Chester-Hamp 4 15 11 
Chester-York 4 9 7 
Duroc-Chester 2 8 9 
Duroc-Hamp 3 12 12 
Duroc-York 6 12 11 
Hamp-Chester 3 10 14 
Hamp-Duroc 4 12 7 
Hamp-York 3 8 10 
York-Chester 4 12 8 
York-Duroc 4 8 12 
York-Hamp 3 9 11 
Table 6. The distribution -of sires and litters that produced pigs of 
market age during three seasons of Phase II - crossbred dams 
only 
Breed of sire 
Chester Duroc H amp Yorl 
Breed No. of 
of dam sires 3 4 4 4 
Chester-Duroc 14 13 
Chester-Hamp 10 12 
Chester-York 10 11 
Duroc-Chester 16 16 
Duroc-Hamp 14 14 
Duroc-York 10 12 
Hamp-Chester 14 15 
Hamp-Duroc 15 13 
Hamp-York 10 10 
York-Chester 15 14 
York-Duroc 13 13 
York-Hamp 10 10 
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Individual Pig Traits 
Mean squares and tests of significance from the analysis of 
variance for individual pig traits are presented in table 33. The sire 
residual mean square was highly significant for all traits except birth 
weight and 21-day weight and indicated considerable variation among 
sires. As previously described, the sire residual mean square was used 
as the denominator in F-tests of the whole-plot effects. The litter 
residual mean square was highly significant for all traits and used as 
the denominator in F-tests of the sub-plot effects whereas the final 
residual mean square was used as the denominator in F-tests of the sub-
sub-plot effects. 
Table 7 gives the least squares means for individual pig traits of 
purebreds and the effects of year, season and the year-season interaction 
on these variables. Average pig birth weight in purebred litters was 
3.118 lb with mean weights having increased to 13.34 lb at 21 days, 38.94 
lb at 56 days and 183.2 lb at 154 days. Purebred pigs required an 
average of 183.4 days to reach 220 pounds with an average daily gain from 
weaning to market of 1.424 lb/day. Year was a highly significant source 
of variation for all measures of postweaning performance with superior 
performance having occurred in 1976. Season effects were important for 
all traits except average daily gain. Spring-farrowed pigs were heavier 
at all ages with constant estimates of .064 (<.01), .13 (P<.10), 1.25 
(P<.01), 1.4 (P<.05) and -1.1 (P<.10) for birth weight, 21-day weight, 
56-day weight, 154-day weight and days to 220 pounds, respectively. 
Table 7. Means^ and effects^ of year, season and year-season interac­
tion—individual pig traits^ 
Item No WB W21 
P 7595 3.118 .045 13.34 - .19 
Year 
1973 1870 .067 .030*  -.02 + .13 
1974 1688 -.028 ± .029 -.02 ± .13 
1975 2728 -.002 + .028 -.00 + .12 
1976 1309 -.038 + .041 .05 + .18 
Season 
Spring 4680 .064 + .016**  .13 + .07 
Fall 2915 -. 064 4- .016**  -.13 + .07 
Interaction 
1973 spring 1013 -.073 4- .023**  -.28 . 10** 
1973 fall 857 .073 + .023**  .28  + . 10** 
1974 spring 930 .085 ± .023**  .16 + .10 
1974 fall 758 -.085 .023** -.16 4- .10 
1975 spring 1428 -.012 .021 .13 4- .09 
1975 fall 1300 .012 + .021 -.13 + .09 
^Least squares mean of purebreds ± standard error. 
^Deviation from least squares mean ± standard error. 
'^In this table and all remaining individual pig trait tables; WB, 
W21, W56, W154, D220, ADG = weight in pounds at birth, 21, 56 and 154 
days, days required to reach 220 pounds, and average daily gain (lb/day) 
* (P<.05) .  
* * (P<.01) .  
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W56 W154 D220 ADG 
38.94 ± 
>V*/r 
.69 183.2 ± 
:V;*» 
2.1 183.3 ± 1.7 1.424 .016 
-.51 ± .45 -4.5 ± 1.4** 4.0 1.1**  .007 ± .011 
-.09 ± .45 -3.1 ± 1.4* 2.5 ± 1.1* -.054 ± .011** 
-1.13 ± .42**  -5.1 ± 1.3**  3.1 1.1** - .053 ± . 010** 
1.73 ± .62**  12.7 ± 1.  9**  -9.5 1.5** .100 ± .015** 
** * 
1.25 ± .24**  1.4 ± 0.7*  -1.1 ± 0.6 -.003 ± .006 
-1.25 ± .24**  -1.4 ± 0.7*  1.1 + 0.6 .003 4- .006 
** * 
-1.63 ± .35**  -3.1 ± 1.1** 2.1 + 0.9* -.005 + .008 
1.63 ± .  35**  3.1 ± 1.1** -2.1 + 0.9* .005 ± .008 
.58 ± .35 1.4 ± 1.1 -.8 + 0.9 .007 ± .008 
-.58 ± .35 -1.4 ± 1.1 .8 + 0.9 -.007 ± .008 
1.05 ± .32**  1.6 ± 1.0 -1.3 + 0.8 -.001 ± .008 
-1.05 ± .32**  -1.6 ± 1.0 1.3 + 0.8  .001 + .008 
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These results agreed with those of Smith and McLaren (1967)> Johnson 
and Omtvedt (1973) and Johnson et (1973). Both Smith and McLaren 
(1967) and Johnson et al. (1973), however, found significant advantages 
of spring-farrowed pigs in rate of gain. The year-season interaction was 
highly significant for birth weight and 56-day weight, was significant 
for 21-day weight and 154-day weight, and indicated that season effects 
were opposite in direction during 1973 as compared to the remaining years. 
The effects of general combining ability, breed of maternal grand­
parent and maternal ability, and the correlations of general combining 
ability with maternal ability are presented in table 8. General combining 
ability, as defined by this analysis, is equivalent to breed of sire 
effects estimated from single crosses only. The concept of general com­
bining ability was expanded to incorporate single cross sires by assuming 
that paternal heterosis and recombination effects were negligible. A 
single cross sire deviation was then equated to the mean of the general 
combining abilities of the two paternal grandparent breeds and analyzed 
accordingly. 
Breed of maternal grandparent effects are equivalent to breed of dam 
effects when estimated from single crosses only. This concept was ex­
panded to incorporate single cross dams by assuming that mean maternal 
heterosis was the only interaction present between maternal grandparent 
breeds. Single cross breed of dam deviations were then equated to the 
sum of maternal heterosis plus the mean of the two breed of maternal 
grandparent deviations. 
Table 8. R-squares and effects of general combining ability, breed of 
maternal grandparent and maternal ability,^ and the correlation^ 
of general combining ability with maternal ability—individual 
pig traits 
Item No. WB W21 
General combining ability .3 .2 
Chester White 1928.5 .05 ± 04 -.12 ± . 16 
Duroc 1981.0 -.03 ± 04 .11 ± . 16 
Hampshire 1717.5 .02 ± 04 .17 ± .17 
Yorkshire 1968.0 -.04 + 04 -.16 ± . 16 
Breed of mat. grandparent 13.3 * L.9** 
Chester White 2087.0 -.24 ± 04a -.81 ± . 16a 
Duroc 1807.0 .42 ± 04b .32 ± . 16b 
Hampshire 1795.0 -.02 ± 04c .35 ± .16b 
Yorkshire 1906.0 -.17 ± 04a .14 ± .17b 
Maternal ability 
Chester White -.29 ± .04a -.69 ± .18a 
Duroc .46 ± .04b .20 ± .18b 
Hampshire -.04 ± . 04c .18 ± .18b 
Yorkshire -.13 ± . 04c .31 ± .19b 
Correlation -. 64 .38 
R-squares expressed as a percent of total corrected sums of 
squares. 
^Deviation from least squares mean ± standard error. 
-^Maternal ability = breed of maternal grandparent - general combin­
ing ability. 
•^Product-moment correlations calculated from least squares 
constants. 
Deviations within a group with common letters do not differ 
significantly (P<.05). 
*(P<.05). 
**(?<.01). 
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W56 W154 D220 ADC 
.5 1.0** .4 l.( ]** 
-.9 ± . 6 -5.2 ± 1.8a^ 3.4 ± 1.4a -.044 ± . 014a 
1.0 ± .6 4.8 ± 1.7b -2.7 ± 1.4b .033 ± .013b 
-.5 ± . 6 -1.6 - 1.8ac .2 ± 1.5ab -.006 ± .014ab 
.4 ± . 6 2.0 ± 1.7bc -.8 i 1.4ab .017 ± .013b 
1. J-KI: 2.3**  1.2** 2.1 0** 
-2.2 ± .5a -7.5 ± 1.4a 5.3 ± 1.3a -.056 ± .011a 
1.8 ± .5b 7.9 ± 1.5b -5.8 ± 1.3b .058 ± .012b 
.0 ± 
.5c -3.7 ± 1.4a 1.8 ± 1.2ac -.024 ± .Ollac 
.4 ± 
. 5bc 3.3 ± 1.5c -1.4 ± 1.3c .022 ± .012d 
-1.3 ± . 6a -2.4 ± 1.7a 1.9 ± 1.4a -.012 ± .013a 
.8 ± 
. 6b 3.1 ± 1.7b -3.1 ± 1.5b .025 ± .014b 
.5 ± 
.6b -2.1 ± 1.7a 1.7 ± 1.5a -.018 ± .014a 
-.0 ± 
. 6ab 1.4 ± 1.8ab —.5 — 1.5ab .005 ± .014ab 
• 
73 .96*  
CO 
• 
80 
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Maternal ability was defined as the difference between deviations 
estimated by the least squares analysis of breed of maternal grandparent 
and general combining ability for each breed. Since maternal ability was 
not directly estimated by the model, R-squares and F-tests were not 
available. 
General combining ability was a highly significant source of varia­
tion for 154-day weight and average daily gain and approached significance 
for days required to reach 220 pounds. Other research (Bradford et al., 
1958; Willham, 1960; Hetzer e;t al. , 1961) has also indicated that general 
combining ability was an important source of variation for postweaning 
performance. Deviations for general combining ability are presented in 
table 8 and indicated that performance of pigs from Duroc sires was 
significantly superior to performance of pigs from Chester White sires 
for 154-day weight, days to 220 pounds and average daily gain. Perfor­
mance of Hampshire and Yorkshire sired pigs was intermediate and general­
ly not significantly different from the other breeds. Superior perfor­
mance of the Duroc sires as compared to Hampshires and Yorkshires was 
also noted by Nelson and Robison (1976) and Young ^  (1976b). 
Breed of maternal grandparent was a highly significant source of 
variation for all individual pig traits and was most important for birth 
weight. R-squares presented in table 8 indicated that breed of maternal 
grandparent was a more important source of variation than general combin­
ing ability for weight at all ages. Deviations for breed of maternal 
grandparent indicated that Duroc dams farrowed, weaned and marketed the 
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heaviest pigs with performance significantly superior to all other 
breeds for birth weight, 154-day weight, days to 220 pounds and average 
daily gain with highly significant deviations from the mean of .42, 7.9, 
-5.8 and .058, respectively. Of further interest was the excellent per­
formance of the Hampshire breed at 21 days followed by depressed per­
formance postweaning. Similar trends for the Hampshire breed when 
compared to Durocs and Yorkshires were noted by Nelson and Robison (1976) 
and Young et al. (1976a,b). Indications of the inferiority of the Chester 
White dams for pig weight were observed with highly significant deviations 
for all traits. Performance of Chester White dams was significantly in­
ferior to all other breeds at 21 and 56 days and significantly inferior 
to the two best breeds for the remaining individual pig traits. 
Deviations for maternal ability indicated considerable influence on 
birth weight but with less effect on the remaining traits. In comparison, 
Bereskin ^  a2. (1974) found highly significant maternal deviations for 
birth weight, 21-day weight and 56-day weight. Hetzer (1961) 
found significant maternal effects only at 56 and 154 days while Willham 
(1960) found maternal ability to approach significance only at 154-day 
weight. Relatively large and positive estimates of the correlation of 
general combining ability with maternal ability are presented and con­
flict somewhat with published estimates of -.33 for 56-day weight (Bere­
skin _et , 1974) and -.54 for 154-day weight (Willham, 1960). These 
data indicated a negative relationship between general combining ability 
and prenatal maternal effects but a positive relationship with postnatal 
maternal effects. 
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Residual purebred effects and the effects of inbreeding, individual 
heterosis and breed specific heterosis for individual pig traits are 
presented in table 9. The residual purebred effect was not significant 
for any of the individual pig traits and indicated that a breed's mean 
performance in crosses can be predicted based on its purebred performance. 
Residual purebred effects have not been directly estimated by other re­
searchers but the statistical definition of the residual purebred ef­
fect is identical to the difference between crossbred and purebred 
deviations as discussed by Schneider (1976). The same relationship is 
also evaluated by the computation of correlations between crossbred and 
purebred effects (Bereskin et al., 1974; Schneider, 1976) and by the 
comparisons of breed rankings (Willham, 1960), Correlations for birth 
weight, 21-day weight and 56-day weight (Bereskin, e^ , 1974) were all 
large and positive, thus substantiating the lack of significance presented 
here. 
Inbreeding had a significant effect on measures of postweaning 
performance. Inbreeding regression coefficients expressed as change in 
the observed value per 10% increase in inbreeding were -9.8 (P<.01), 6.0 
(P<.05) and -.076 (P<.01) for 154-day weight, days to 220 pounds and rate 
of gain, respectively. Other researchers have indicated little effect 
of inbreeding on weights through 56 days but substantial effects on 154-
day pig weights ranging from -3.4 to -9.0 pounds per 10% change in in­
breeding (Dickerson et al., 1946, 1954; Bradford £t al., 1958; Bereskin 
^ al. , 1968; Berruecos e_t , 1970; S. Jungst, Animal Science Depart­
ment, Iowa State University, unpublished results, 1978). 
Table 9. Deviations^ of the residual purebred effect, inbreeding, 
individual heterosis^ and breed specific heterosis'^—in­
dividual pig traits 
Item No. WB W21 
Residual purebred effect 
Chester White 
Duroc 
Hampshire 
Yorkshire 
Inbreeding 
Individual heterosis 
Percent 
Breed specific heterosis 
Chester White 
Percent 
Duroc 
Percent 
Hampshire 
Percent 
Yorkshire 
Percent 
760.0 
737.0 
642.5 
786.0 
4944.0 
4669.5 
-.01 ± .09 
.01 ± .09 
.04 ± .09 
-.04 ± .09 
-.10 ± .07 
.12 ± .04** 
3.7 
, 12  ±  . 10  
4.2 
.11 ± .10 
3.2 
. 08  ±  . 10  
2 . 6  
.15 ± .09 
5.2 
.38 ± .37 
-.24 ± .37 
-.53 ± .37 
.38 ± .37 
-.40 ± .31 
.80 ± .19** 
6 . 0  
.41 ± .42 
3.2 
1.03 ± .42* 
7.6 
1.33 ± .43** 
9.9  
.41 ± .41 
3.0 
^Deviation from least squares mean i standard error. 
^Change in observed value per 10% increase in inbreeding. 
"^Psrccnt individual heterosis = ICQ X individual heterosis/ 
purebred mean. 
'^Breed specific heterosis = individual heterosis - residual 
purebred effect. 
*(P<.05). 
**(P<.01). 
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. 8  ±  1 . 2  
-1.5 ± 1.2 
-.2 ± 1.2 
.9 ± 1.2 
-1.5 ± 1.0 
3.4 ± 0.6 
8 . 6  
2.6 ± 3.4 
-2.3 ± 3.4 
2.8 ± 3.4 
-2.9 ± 3.4 
-9.8 ± 2.8** 
19.2 ± 1.8** 
10.5 
1.2 ± 3.0 
-.2 ± 3.0 
.6 ± 3.0 
-1.6 ± 3.0 
6.0 ± 2.5* 
-17.5 ± 1.5** 
-9.5 
.027 ± .027 
-.010 ± .026 
.009 ± .027 
-.026 ± .026 
-.076 ± .022** 
.151 ± .014** 
10 .6  
2.6 ± 1.3 
7.0 
4.9 ± 1.3** 
1 2 . 2  
3.5 ± 1.4* 
9.1 
2.4 ± 1.3 
6.0 
16.6 ± 3.8** 
9.6 
21.5 ± 3.8** 
11.1 
16.4 ± 4.0** 
9.1 
22.1 ± 3.7** 
11.9 
-18.7 ± 3.3** 
-9.7 
-17.3 ± 3.3** 
-9.9 
-18.1 ± 3.5** 
-9.7 
-15.9 ± 3.3** 
-8.8 
.124 ± .030** 
9.2 
.161 ± .030** 
10.7 
.143 ± .031** 
10 .2  
.177 ± .029** 
12.3 
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Individual heterosis estimates were all highly significant with 
deviations of .12, .80, 3.4, 19.2, -17.5 and .151 for birth, 21-day, 
56-day and 154-day weights, days to 220 pounds and rate of gain, respec­
tively, with percent heterosis ranging from 3.7 to 10.6 (table 9). 
These estimates agreed with those of Willham (1950), Smith and McLaren 
(1967), and Bereskin e^ al. (1974) but are somewhat higher than those 
of Young e^ (1976a, 1976b) . 
Breed specific heterosis for any one breed is equal to individual 
heterosis minus that breed's residual purebred deviation. Therefore a 
test of the variation among the specific heterosis estimates of the 
four breeds would be equivalent to a test of the variation among residual 
purebred effects. Variation among breed specific heterosis of individual 
pig traits was therefore non-significant. 
The effects of specific combining ability and specific heterosis 
estimates for individual pig traits are presented in table 10. Varia­
tion due to specific combining ability approached significance only at 
birth with a significant deviation of .07 for the Chester-Duroc and 
Hamp-York crosses. Bereskin ^  al. (1974) found significant specific 
combining ability effects at birth, 21 days and 56 days whereas Willham 
(1960) and Hetzer e^ (1961) found non-significant variation at all 
ages. 
Because variation among specific heterosis estimates is due to both 
variation in specific combining ability and the residual purebred effect, 
no exact test of significance was available from this analysis. It is 
Table 10. Effects of specific combining ability and specific 
heterosis^—individual pig traits 
Ifem No. WB W21 
Specific combining ability 
CD=HY 
CH=DY 
CY=DH 
Specific heterosis 
Chester-Duroc 
Percent 
Chester-Hamp 
Percent 
Chester-York 
Percent 
Duroc-Hamp 
Percent 
Duroc-York 
Percent 
Hamp-York 
Percent 
1560.0 
1550.5 
1559.0 
,07 ± .034 
04 ± .03 
,03 ± .03 
,19  +  .07**  
5.8 
,06 ± .08 
1.9 
.11 ± .07 
3.9 
.07 ± .08 
2 . 1  
.09 + .07 
2.7 
.19 ± .07** 
6.1 
.21 ± .12 
-.24 ± .13 
.03 ± .12 
.93 ± .30** 
7.1 
.63 ± .32* 
4.8  
.45 ± .30 
3.4 
1.21 ± .33** 
9.0 
.48 + .31 
3.5 
1.08 ± .32** 
8 . 0  
^Deviation from least squares mean ± standard error. 
^Specific heterosis = specific combining ability --2 (residual 
purebred effect of one parent breed + residual purebred effect of other 
parent breed). Percent specific heterosis = 100 X specific heterosis/ 
mean of the two parent breeds. 
*(P<.05). 
** (P<.01) .  
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W56 W154 D220 ADG 
.2 ± 0.4 1.5 ± 1.1 -1.3 ± 1.0 .012 ± .009 
-.8 ± 0.4 -.7 ± 1.2 1.3 ± 1.0 .000 ± .009 
.5 ± 0.4 -.9 ± 1.2 .0 ± 1.0 -.012 ± .009 
4.0 ± 1.0** 20.6 ± 2.8** -19.3 ± 2.4** .155 ± .022** 
10.3 11.2 -10.5 10.8 
2.3 ± 1.0* 15.8 ± 3.0** -17.1 ± 2.6** .134 ± .023** 
6.1 9.0 -9.0 9.7 
3.0 ± 0.9** 18.5 ± 2.7** -17.2 ± 2.4** .139 ± .021** 
7.9 10.3 -9.3 10.0 
4.7 ± 1.0** 18.1 ± 3.0** -17.7 ± 2.7** .140 ± .024** 
12.1 9.7 -9.8 9.6 
2.9 ± 1.0** 21.1 ± 2.8** -15.3 ± 2.5** .169 ± .022** 
7.2 11.2 -8.7 11.5 
3.2 ± 1.0** 20.8 ± 2.9** -18.3 ± 2.5** .172 ± .022** 
8.1 11.4 -10.0 12.1 
47 
doubtful, however, that variation among specific heterosis estimates was 
important and no significant differences between estimates were detected. 
The effects of maternal heterosis, parity and the parity-maternal 
heterosis for individual pig traits are presented in table 11. Maternal 
heterosis appeared to be important only for weight at 21 days with an 
estimate of .65 (P<.01), an advantage of 4.9%. Other recent research 
(Johnson and Omtvedt, 1975; Johnson et al., 1974) has indicated that 
maternal heterosis was of little importance for similar traits. 
Parity was a significant source of variation for average daily gain 
and highly significant for the remaining traits. Deviations presented 
in table 11 indicated a linear effect of parity on pig weights through 
weaning with the lightest pigs having been farrowed and weaned from first-
parity dams. Similar differences between the three parity (age of dam) 
groups were noted by Fahmy e^ al. (1971), and similar differences be­
tween first- and second-parity dams were observed by Young ^  (1976a). 
These results indicated significant differences only between first and 
second parities for the three final traits with intermediate performance 
of pigs from third-parity dams. The relative superiority of pigs from 
second-parity dams as compared to pigs from first- and third-parity dams 
was also observed by Smith and McLaren (1967) with the inferiority of 
first-parity dams having been even greater than found in this study. 
The effects of sex and the sex-heterosis interactions are presented 
in table 12. Sex effects were highly significant for all traits except 
56-day weight with male deviations of .055, .16, 4.8, -4.4 and .044 for 
1 2 3 
Table 11. Effects of maternal heterosis, parity and the parity-
maternal heterosis interaction^—individual pig traits 
Item No. WB W21 
Maternal heterosis 2271 .01 ± .05 .65 i .20** 
Percent 0.3 4.9 
Mean parity ** 
First 3841  -.23 ± .04a^ -1.12 ± .15 a 
Second 3263  .09 ± .03b .13 ± .12b 
Third 491 .14 ± .05 b .99 ± .22c 
Interaction 
First 962 -.10 ± .07 .54 ± .30 
Second 982  .00 ± .06 .46 ± .25 
Third 327 .10 ± .10 -1.00 ± .45* 
Deviations from least squares mean ± standard error. 
2 
Percent maternal heterosis = 100 X mat. het./purebred mean. 
3 Parity = parity effects of purebred dams +% interaction effects. 
4 
Interaction effects direct from analysis and identical to parity 
effects of single cross dams - parity effects of purebred dams. 
Deviations within a group with common letters do not differ 
significantly (P<.05). 
* (P< .05) .  
*A(P< .01) .  
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.9 ± 1.0 
2.4 
-2.6 ± 2.2 
-1.4 
1.2 ± 1.8 
.6 
-.022 ± .017 
-1.6 
** ** ** 
-2.7 ± 0.5a 
.5 ± 0.4b 
2.2 ± 0.7C 
-3.7 ± 1.4a 
2,5 ± 1.1b 
1.2 ± 2.lab 
3.0 
-1.6 
-1.4 
± 1.2a 
± 1.0b 
± I.Bab 
-.015 ± .011a 
.017 ± . 009b  
-.002 ± .0l6ab 
1.2 ± 0.9 
.7 ± 0.7 
-1.9 ± 1.4 
-1.6 ± 2.7 
-1.3 ± 2.2 
2.9 ± 4.1 
.9 
.2 
-1.1 
± 2.4 
± 2.0 
± 3.6 
-.016 ± .021 
-.014 ± .017 
.030 ± .032 
Table 12. Effects^ of sex,^ sex-individual heterosis interaction and 
sex-maternal heterosis interaction—individual pig traits 
Item No. WB W2l 
Mean sex 
Female 3746 -.055 i .006** -.16 + .03** 
Male 3849 .055 ± .006** .16 ± .03** 
Sex X individual heterosis 
Female 2296.5 .023 ± .017 .02 ± .09 
Male 2373.0 -.023 ± .017 -.02 ± .09 
Sex X maternal heterosis 
Female 1113 -.001 ± .012 -.00 ± .06 
Male 1158 .001 ± .012 .00 ± .06 
^Deviations from least squares mean ± standard error. 
^Mean sex = sex effects of purebreds sex-individual heterosis 
sex-maternal heterosis. 
*(P<.05). 
**(P<.01). 
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weight at birth, 21 days and 154 days, days to 220 pounds and average 
daily gain, respectively. Similar differences for days to 220 pounds and 
and/or rate of gain were presented by Bruner and Swiger (1968), Quijandria 
^ (1970) and Young e^ al. (1976b). The sex-individual heterosis in­
teraction was significant only for days to 220 pounds whereas the sex-
maternal heterosis interaction was significant for both days to 220 
pounds and rate of gain, and approached significance for 154-day weight. 
As indicated in table 13, the interactions, where significant, reduced 
the differences between sexes for crossbreds as compared to purebreds. 
The presence of interactions caused heterosis, estimates to differ be­
tween sexes. Single cross females reached a weight of 220 pounds 19.9 
days sooner than purebred females compared to a difference of 15.1 days 
for males. Maternal heterosis was negligible for female postweaning 
performance but produced a significant response from male progeny with 
estimates of -3.8 (P<.01), 2.8 (P<.05) and -.033 (P<.01) for 154-day 
weight, days to 220 pounds and rate of gain, respectively. 
Least squares means for individual pig traits of Phase I and Phase 
II breed combinations are presented in tables 37 and 38, respectively. 
The positive effect of individual heterosis is substantiated with the 
four pure breeds having produced the lowest performance of Phase I com­
binations for the three final traits. The inferiority of the Chester 
White breed and superiority of the Duroc breed were also indicated in 
both Phase I and Phase II crosses. 
Table 13. Sex differences for each mating type and heterosis estimates for each sex—selected 
traits 
Item W15A D220 ADG 
Sex differences 
Phase I 
Purebred 
Single cross 
Phase II 
Pat. backcross 
Mat. backcross 
Individual heterosis 
Female 
Percent 
Male 
Percent 
Maternal heterosis 
Female 
Percent 
Male 
Percent 
-10.9 ± 1.5 
-10.9 ± 1.5 
-10.9 ± 0.9 
-8.4 ± 1.1 
19.2 ± 1.5 
10 .8  
19.1 ± 1.6 
10 .2  
-1.4 ± 1.4 
-.8 
-3.8 + 1.4 
- 2 . 0  
12.7 ± 1.4a 
8.0 ± 0.9b 
10.3 ± 0.7a 
7.1 ± 1.0b 
-19.9 ± 1.4a 
-10.5 
-15.1 ± 1.4b 
-8.6 
-.5 ± 1.2a 
-.2 
2.8 ± 1.2b 
1.6 
,097 ± .011 
,098 ± .008 
,097 ± .006a 
,077 ± .009b 
,151 ± .012 
11 .0  
,152 ± .012 
10.3 
,012 ± .011a 
—. 9 
,033 ± .011b 
- 2 . 2  
^Sex differences = female - male. 
^Deviations within a group with the same letter do not differ significantly (P<.05). 
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Litter Traits 
Mean squares and tests of significance from the analysis of variance 
for litter traits are presented in tables 34 and 35. The sire residual 
mean square was a highly significant source of variation for all ten lit­
ter traits and indicated considerable variation among sires. Young e^ 
al. (1976a) found sires to be significant or approach significance for 
five of six litter traits studied. 
The least squares means for litter size of the purebreds and the 
effects of year, season and the year-season interaction on these traits 
are presented in table 14. Purebred litters included an average of 
9.80 fully formed pigs of which 9.24 were born alive with 7.27 surviving 
to 21 days, 7.17 surviving to 56 days and 6.75 surviving to 154 days. 
Year was not a significant source of variation for litter size at any 
age. Season effects, however, were important for litter size postfar-
rowing and indicated improved survival of spring-farrowed litters. Con­
stant estimates for spring-farrowed litters were .19 (P<.10), .22 (P<.05) 
and .35 (P<.01) pigs per litter at 21, 56 and 154 days, respectively. 
These results agreed with those of Smith and McLaren (1967) and Johnson 
and Omtvedt (1973). The year-season interaction was a significant source 
of variation for number born alive and highly significant for litter size 
postfarrowing and indicated large differences between seasons in 1973 but 
small and inconsistent differences in 1974 and 1975. 
The least squares means for litter weight of the purebreds and 
effects of year, season and the year-season interaction for total litter 
Table 14. Means^ and effects^ of year, season and the year-season interaction—litter size^ 
Item No. NB NBA N21 N56 N154 
M 1065 9.80 + .34 9.24 + .33 7.27 + .31 7.17 + .31 6.75 + .30 
Year 
1973 270 .12 + .23 -.07 + .22 .01 + .20 -.02 + .31 -.04 + .20 
1974 243  -.48 + . 22*  -.45 + . 21*  -.25 + .20 - .24  + .20 -.18 + .20 
1975 391 -.04 ± .21 .09 + .20 -.16 + .19 -.14 + .19 -.09 + .19 
1976 161 .40 + .32 .43 ± .30 .40 + . 29  .40 + . 28  .31 + . 28  
Season A 
Spring 628  -.05 -4- .12 .04 ± .11 .19 + .11 . 22  + .11* .35 + . 10* *  
Fall 437 .05 + .12 -.04 ± .11 -.19 + .11 -.22 + .11* -.35 . 10** 
Interaction •A  >V:' A *  A-
1973 spring 131 .31 ± .17 .41 . 16* *  .54 + .  15* *  .53  + . 15* *  .50  4 . 15* *  
1973 fall 139 -.31 + .17 -.41 + .  16* *  -.54 + . 15* *  -.53 + .  15* *  -.50 4 .  15* *  
1974 spring 133 - .20  ± .17 -.17 + .17 - .29  + .16 -.29 + . 15*  -.29 + . 15*  
1974 fall 110 .20 + .17 .17 + .17 .29 + .16 . 29  + . 15* .29 ± . 15* 
1975 spring 203  -.11 + .16 -.24 + .15 -.26 ± .14 - .24  + .14 -.21 + .14 
1975 fall 188 . 11 + .16 .24 ± .15 .26 + .14 .24 + .14 .21 t  .14 
^Least squares mean of purebreds ± standard error. 
^Deviation from least squares mean ± standard error. 
^In this table and all other litter size tables; NB, NBA, N21, N56, N154 = number born, number 
born alive and number at 21, 56 and 154 days. 
*(P<.05). 
**(?<.01). 
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weight are given in table 15. Total litter birth weight for purebred 
litters was 28.41 lb whereas total litter weight born alive was 27.15 
lb. By 21 days, total litter production had increased to 96.5 lb, to 
278 lb by 56 days and to 1238 lb by 154 days. Year was a significant 
source of variation for total litter birth weight, total litter weight 
at 56 days and total litter weight at 154 days and approached signifi­
cance for total litter weight born alive. The lightest litters were 
born in 1974 and the heaviest litters were weaned and marketed in 1976. 
Spring-farrowed litters were heaviest at all stages of development 
with deviations of .66 (P<.10), .82 (P<.01), 3.6 (P<.05), 18 (P<.01) and 
76 (P .01) for litter weight born, the born alive and at 21, 56 and 154 
days, respectively, and agreed with results presented by Johnson and 
Omtvedt (1973). The initial advantage in weight of spring-farrowed lit­
ters was due largely to heavier pigs with later advantages due primarily 
to improved survival. The year-season interaction was significant only 
at 21 and at 154 days and indicated that the largest differences between 
seasons occurred in 1973. 
The effects of general combining ability, breed of maternal grand­
parent and maternal ability, and the correlations of general combining 
ability with maternal ability for litter size are presented in table 16. 
General combining ability was not a significant source of variation for 
litter size at any age. The lack of significance agreed with the analyses 
of Henderson (1948), Willham (1960), Hetzer ^  (1961) and Bereskin 
et al. (1974) who found significance in only two of 14 F-tests performed. 
Table 15. Means^ and effects^ of year, season and the year-season interaction—total litter weight^ 
Item No. TB TBA T21 T56 T154 
n 1065 28.41 -(- . 98  27.15 + .96 96.5 + 4.0 278 13 1238 ± 62 
Year * * 
1973 270 . 89  + .64 .36 + . 63 -.2 + 2.6 -6 ± 8 -45 ± 41 
1974 243 -1.75 + . 63**  -1.62 + . 62**  -3.7 + 2.6 -11 f- 8 -60 ± 40 
1975 391 - . 07  + .60 .20 + .59 -2 .2  + 2.5 -15 ± 8 -57 ± 38 
1976 161 .93 + .91 1.07 + . 89  6.1 + 3.7 32 ± 12**  162 ±  57**  
Season ** iV  vV'A 
Spring 628  . 66 ± .34 . 82  ± . 33**  3.6 + 1.4* 18 ± 4** 76 ± 21** 
Fall 437 -. 66 + .34 -.82 + . 33** -3.6 ± 1.4" -18 ± 4** -76 ± 21** 
Interaction 
1973 spring 131 .40 + . 48  .71 1  .47 4.9 + 2 .0*  9 6 75 1 3()* 
1973 fall 139 - . 40  + .48 -.71 + .47 -4.9 + 2.  0*  -9 + 6 -75 ± 30* 
1974 spring 133 .12 + . 50  .11 ± .48 -2.5 + 2.0 -8 + 6 -45 ± 30 
1974 fall 110 -.12 ± .50 -.11 + .48 2 .5  + 2.0 8 ± 6 45 ± 30 
1975 spring 203 -.52 ± .45 -.82 + .44 -2.4 + 1.8 -1 ± 6 -31 i 28 
1975 fall 188 .52 . 45 .82 + .44 2.4 + 1.8 1 6 31 i 28 
^Least squares mean of purebreds ± standard error. 
^Deviation from least squares mean i standard error. 
*^In this table and all other total litter weight tables; TB, TBA, T21, T56, T154 = total litter 
weight in pounds at birth, live birth and at 21, 56 and 154 days. 
*(P< .05 ) .  
(P<. 01) . 
Table 16. R-squares and effects of general combining ability, breed of maternal grandparent and 
maternal ability, and the correlations of general combining ability with materna] ability^ 
litter size 
Source No. NB NBA N21 N56 N154 
General comb. abil. .2 .1 . 1 .1 .2 
Chester White 269 .  0 . 16 + ,29 .20 + 27 .12 + .26 .13 ± .25 .25 ± . 25 
Duroc 279. 0 -.09 + ,28 -.13 + 27 .06 + .25 .03 ± .25 .05 + 25 
Hampshire 250. 5 ,15 + ,29 .07 + 28  -.08 + . 26  -.07 ± .26 -.18 + 26 
Yorkshire 266. 5 -.22 + 28  -.13 + 27 -.09 + .25 -.10 ± .25 -.13 + 25 
Breed mat. grandparent }. 2 -.' c* i + .0^ r-V ] L. 8*A 1.8** 1.7^ rA 
Chester White 279 .  0 1.07 4- 243^  1.16 ± . 23a .77 + .21a .76 ± . 21a .79 ± . 21a 
Duroc 270. 5 - .92  4- 24b -.89 + 23b - .58  + .22b -.58 ± .22b -.58 + 22b 
Hampshire 262 .  5 -.51 4 23b -. 66 + 22b -.32 ± .21bc -.31 ± .21bc -.22 + 21b 
Yorkshire 253 .  0 . 35  + 25c  .39  + 24c .13 4 .22c .13 ± .22c .01 + 22b 
Maternal ability 
Chester White .91 ± 28a  .96 + 27a . 66 4- .25a . 62  ± . 25a .53 ± . 25a 
Duroc - .82  ± 28b -.76 + 27b -. 64 ± .25b -. 61 ± .25b -.63 + 25b 
Hampshire -. 66 28b -.73 + 27b - .24  ± . 26bc -.24 ± .25bc -.04 ± . 25ab 
Yorkshire .57 + 29a .52 ± 27c  .23 4- . 26ac .22 ± .26ac .13 + 26ac 
Correlation .01 .40 . 22  .34 . 32  
Refer to table 8 for definitions of effects, etc. 
2 
Deviations within a group with common letters do not differ significantly (P<.05). 
A*(P< .01) .  
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In contrast, breed of maternal grandparent was a highly significant 
source of variation for all litter size traits and significant differences 
were also indicated for maternal ability. This disagreed with the con­
clusions reached by the above authors who found significance in only one 
of 14 F-tests for maternal ability but agreed with F-tests for breed of 
dam by Fahmy ^  al. (1971) and Johnson and Omtvedt (1973) . 
Breed of maternal grandparent estimates indicated the significant 
superiority of Chester White dams for litter size at all ages with highly 
significant deviations of 1.07, 1.16, .77, .76 and .79 at birth, live 
birth, 21 days, 56 days and 154 days, respectively (table 16). Yorkshire 
dams farrowed and raised the second largest litters with litter size 
significantly less than Chester White dams at all ages, significantly 
greater than Duroc dams through 56 days and significantly- greater than 
Hampshire dams only at farrowing. Duroc dams had the smallest litter 
sizes at all ages but never significantly smaller than Hampshire dams. 
Similar advantages of dams of Yorkshire breeding over dams of Duroc or 
Hampshire breeding were noted by Holtmann ^  (1975), Nelson and 
Robison (1976) and Young et al. (1976a). 
Comparative performance of the breeds for maternal ability was 
similar to that for breed of maternal grandparent, but the differences 
tended to be somewhat smaller and less significant. Correlations of 
general combining ability with maternal ability were generally small and 
disagreed with the farily large and negative correlations presented by 
Bereskin et al. (1974). 
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Table 17 presents the effects of general combining ability, breed 
of maternal grandparent and maternal ability, and the correlations of 
general combining ability with maternal ability for total litter weight. 
General combining ability was not a significant source of variation for 
any litter weight trait. Other authors (Henderson, 1948; Hetzer et al., 
1961; Nelson and Robison, 1976) have found significance for each of these 
traits but no two authors found significance for the same trait. Sig­
nificant breed of sire differences presented by Young e^ ^ 1. (1976a) 
indicated the superiority of Yorkshire sired litters and inferiority of 
Hampshire sired litters for total litter weight at 21 and 42 days. Simi­
larly, Nelson and Robison (1976) found Hampshire sired litters to be 
significantly the lightest at 140 days with little difference noted be­
tween Duroc and Yorkshire sired litters. Although the variation in 
these data was not significant, the inferiority of Hampshire sired lit­
ters was indicated but no evidence of the superiority of Yorkshire sired 
litters was found. 
Breed of maternal grandparent was a highly significant source of 
variation for total litter weight born and total litter weight born alive 
and significant for total litter production at 154 days. Significant 
breed of dam variation was reported by O'Ferrall e^ (1968), Fahmy 
et al. (1971) and Johnson and Omtvedt (1973) for similar traits. Chester 
White and Duroc dams farrowed litters significantly heavier than Hampshire 
dams. By 154 days, the total litter production of Chester White dams 
was significantly greater than either Duroc or Hampshire dams. Deviations 
Table 17. R-squares and effects of general combining ability, breed of maternal grandparent and ^ 
maternal ability, and the correlations of general combining ability with maternal ability -
total litter weight 
Item No. TB TB T21 T56 T154 
General combining ability 
Chester White 269.0 .9 + .8 .9 + , 8 .7 ± 3.3 1 ± 10 12 + 51 
Duroc 279.0 -.2 + ,8 -.4 + ,8 1.7 ± 3.3 8 ± 10 45 + 50 
Hampshire 250.5 .4 + 8 .3 + ,8 -.2 ± 3.4 -8 ± 11 -46 + 52 
Yorkshire 266 .5  -1 .1 + ,8 -.8 + ,8 -2.2 + 3.3 -1 ± 10 -12 + 50 
Breed of mat. grandparent A ** A 
Chester White 279.0 1 .0 + . 7a2 1 .4 + . 6a 3.9 ± 
00 CN
l 
14 ± 9 102 + 42a 
Duroc 270.5 1 .5 + 7a 1 .2 ± . 7a -4.9 ± 2 .9  -11 ± 9 -57 ± 43b 
Hampshire 262 .5  -1 .9 + . ()b -2 .2 ± . 6b -2.4 ± 2 .8  -12 ± 9 -69 ± 41b 
Yorkshire 253.0 -. 6 ± . 7ab -.3 ± . 7ab 3.4 ± 3.0 9 ± 9 24 ± 44ab 
Maternal ability 
Chester White .1 ± . 8a .4 ± . 8a 3.2 ± 3.3a 13 ± 10a 90 ± 49a 
Duroc 1 . 6 ± . 8 a 1 . 6 ± . 8a -6.6 + 3.3b -19 ± 10b -102 ± 50b 
Hampshire -2 .2 ± . 8 b -2 .5 ± . 8b -2.2 ± 3. 4ab -4 ± lOab -23 + 50ab 
Yorkshire ,5 ± . 8 a .5 ± . 8a 5.6 ± 3. 4a 10 ± lOa 35 + 51a 
Correlation 
— • 40 30 
— • 77 -. 40 - ,  30 
^Refer to table 8 for definitions of effects, etc. 
2 Deviations within a group with a common letter do not differ significantly (P<.05). 
*(P<.05). 
* * ( P < . 0 1 ) .  
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for Yorkshire dams were not significantly different from the other 
breeds at any stage and indicated intermediate performance at farrowing 
and 154 days but performance nearly as great as Chester White dams at 
21 and 56 days. Performance of the Duroc, Hampshire and Yorkshire dams 
was similar to the results presented by Holtmann e^ al. (1975), Nelson 
and Robison (1976) and Young ^  (1976a). 
Differences among maternal ability deviations were significant at 
all ages. The significance of the variation appeared to be less than 
that reported by Bereskin e^ al. (1974) but greater than reported by 
Henderson (1948) and Hetzer et al. (1961). Correlations of general 
combining ability with maternal ability were negative and small to inter­
mediate. The effect of the negative correlation on maternal grandparent 
deviation, however, tends to be masked by the greater variation in 
maternal ability, thus permitting one to make similar conclusions based 
on either maternal ability or maternal grandparent effects. 
Deviations of the residual purebred effect, inbreeding, individual 
heterosis and breed specific heterosis for litter size are presented in 
table 18. The residual purebred effect was a significant source of 
variation only for litter size at 154 days but did approach significance 
at 21 and 56 days. The significance of residual purebred effects indi­
cated differences in the ranking of the breeds when used in crosses as 
compared to purebreds and agrees with the results of Willham (1960) and 
Bereskin ^  al. (1974). Significant deviations for the Yorkshire breed 
of 1.19, 1.13 and 1.29 pigs per litter at 21, 56 and 154 days, 
Table 18. Deviations of the residual purebred effect, inbreeding, individual heterosis and breed 
specific heterosis—litter size 
Item No. NB NBA N21 N56 N154 
Residual purebred effect A 
Chester White 105.0 -.89 ± .55 -1 .14 ± .53* -.92 ± .50 -.89 ± .50 -1 .17 ± . 50* 
Duroc 110.0 .08 ± .54 .15 ± .52 -.19 ± .49 -.11 ± .49 .03 ± .49 
Hampshire 97.5 -.25 ± .55 .10 ± .53 -.08 ± .50 -.13 ± .49 -.14 ± .50 
Yorkshire 100.5 1 .06 ± .56 . 88  ±  .53 1 .19 ± . 50* 1 .13 ± .50* 1 .29 ± .51* 
Inbreeding 689.0 -.08 ± .45 -.16 ± .44 -.33 ± .41 — .34 + .41 -.46 ± .41 
Individual heterosis 652.0 -.29 ± . 28  -.29 ± , .27 .23 ± .25 .26 ± .25 1 .48 ± .25 
Percent -2.9 -3.1 3.1 3.6 7.1 
Breed specific heterosis 
Chester White .60 ± .62a2 .85 ± , 59a 1 .14 ± . 56a 1 .15 ± .56a 1, ,65 ± .56a 
Percent 5.9 8 .9  15.8 16.0 24 .9  
Duroc - ,  37 ± . 60ab -.44 ± . , 58ab .42 ± . 55ab .36 ± .55ab ,45 ± . 55ab 
Percent -4 .2  -5.2 6.5 5.6 7.3 
Hampshire - ,  . 04  ±  . 63ab - ,  .39 ± . .60ab .31 ± . 57ab .38 ± .57ab , 62  ±  . 57ab 
Percent -.4 -4.5 4.6 5.8 10.0 
Yorkshire -1. ,34 ± .62b -1, ,17 ± . 59b - ,  .96 ± , .56b -.87 ± .56b 81 ± , .56b 
Percent -12.2 -11.3 -11.3 -10.5 -10.2 
Refer to table for definitions of effects, etc. 
2 Deviations within a group with a common letter do not differ significantly (P<.05). 
*(P< .05 ) .  
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respectively, indicated higher purebred performance than expected based 
on that breed's contribution in single crosses. Significant estimates of 
-1.14 and -1.17 for number born alive and at 154 days were found for the 
Chester White breed and indicated poorer than expected purebred perfor­
mance. The effect of inbreeding on litter size was not significant at 
any age but produced regressions which were in close agreement with other 
published estimates (Dickerson e^ , 1946, 1954; Bradford , 1958; 
Bereskin ^  al., 1968; Berruecos ^  £l. , 1970). 
Individual heterosis approached significance only for litter size 
at 154 days with an advantage of single cross litters over purebred lit­
ters of .48 pigs or 7.1% and indicated improved survival from birth to 
market of crossbred pigs as found by other researchers. Estimates of 
individual heterosis presented in table 18 agreed with those of Willham 
(1960) and Smith and King (1964) but were lower than others (Smith and 
McLaren, 1967; O'Ferrall et al., 1968; Bereskin £l., 1974; Young ^  
al.; 1976a). Estimates of breed specific heterosis indicated greatest 
heterosis occurring in crosses using the Chester White breed, and lowest 
and negative heterosis from Yorkshire crosses with the difference between 
the two breeds significant for all traits. 
Deviations of the residual purebred effect, inbreeding, individual 
heterosis and breed specific heterosis for total litter weight are pre­
sented in table 19. The residual purebred effect was not a significant 
source of variation for any litter weight traits but did approach sig­
nificance for all traits except total litter weight at birth. Significant 
Table 19. Deviations^ of the residual purebred effect, inbreeding, individual heterosis and breed 
specific heterosis—total litter weight 
Item No. TB TEA T21 T56 T154 
Residual purebred effect 
Chester White 105. 0 -2.8 + 1. 5 -3. 4 + 1. 5* -8.3 ± 6.6 -29 + 20 -199 + 98* 
Duroc 110. 0 -. 6 + 1. 5 - .  3 + 1. 5 -5.3 + 6.5 -16 + 20 -16 + 96 
Hampshire 97. 5 .4 + 1. 5 1. 2 ± 1. 5 -2.8 ± 6.6 -4 + 20 -2 ± 97 
Yorkshire 100. 5 3.0 + 1. 5* 2. 5 ± 1. 5 16.4 + 6 .6*  49 + 20* 216 + 99* 
Inbreeding 689 .  0 -1.1 ± 1. 3 -1. 2 + 1. 2 -7.3 + 5.4 -24 + 17 -158 + 81 
Individual heterosis 652 .  0 .7 ± 8 6 + 8 9.1 + 3 .3**  33 + 10** 217 + 50* 
Percent 
Breed specific heterosis 
Chester White 
Percent 
Duroc 
Percent 
Hampshire 
Percent 
Yorkshire 
Percent 
2.5 
3.5 ± 1.7a^ 
12.8  
1.3 t 1.7 ab 
4.6 
.3 ± L.7ab 
1 . 2  
-2.3 ± 1.7b 
-7.8 
2 .3  
4.0 ± 1.7a 
15.4 
.9 ± 1.6ab 
3.1 
-.5 ± 1.7ab 
- 2 . 0  
-1.9 ± 1.7b 
-6.5 
9.4 
17.3 ± 7.4a 
18.7 
14.4 ± 7.2ab 
16.3 
11.9 ± 7.5ab 
13.1 
-7.3 ± 7.4b 
-6.4 
1 2 . 0  
62 ± 23a 
23.6 
50 ± 223b 
19.2 
37 ± 23ab 
14.7 
-16 ± 23b 
-4.7 
Refer to table 9 for definitions of effects, etc. 
2 Deviations within a group with a common letter do not 
*(P<.05). 
**(?<.01) .  
17.6 
416 ± 110a 
36.0 
233 ± llOab 
19.2 
219 ± llOab 
2 0 . 0  
1 ± 110b 
0 . 1  
differ significantly (P<.05) 
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deviations of -3.4 and -199 for litter weight born alive and 154-day 
litter weight, respectively, of the Chester White breed indicated lower 
performance as purebreds than expectcd. In contrast, the Yorkshire 
breed had significant deviations of 3.0, 1.64, 49 and 216 pounds per 
litter at birth, 21, 56 and 154 days, respectively, and indicated higher 
performance than expected. Deviations for total litter weight tended to 
follow trends established by litter size and apparently were affected 
less by differences in average pig weight. 
Inbreeding approached significance only for 154-day litter weight 
and revealed a reduction in litter weight of 158 pounds with each in­
crease of 10% in inbreeding (table 19). Inbreeding regression coef­
ficients for total litter weight were considerably larger than other 
published estimates and approximately twice as large for 154-day lit­
ter weight (Dickerson ^  , 1946; Bradford ^  a]L. , 1958; Bereskin 
et , 1968) . 
Individual heterosis estimates were highly significant postfarrow­
ing with advantages of 9.1, 33 and 217 pounds at 21, 56 and 154 days, 
respectively (table 19). The advantage in litter weight was due to 
both advantages of individual pig weight and survival but due more to 
individual pig weight. Chester White crosses produced the greatest 
heterosis at all ages and those estimates were significantly greater 
than the negative to negligible heterosis from Yorkshire crosses. 
The effects of specific combining ability and estimates of specific 
heterosis for litter size traits are presented in table 20. Specific 
combining ability was a significant source of variation for litter size 
Table 20. Effects^ of specific, combining ability and specific heterosis—litter size 
Item No. NB NBA N21 N5b N154 
Specific combining ability * A A 
CD=HY 219. 5 -.18 ± .19 -.11 ± .18 -.10 ± .17 -.10 ± .17 -.09 ± .17 
CH=DY 225. 0 -.11 ± . 19 -.16 ± .18 -.31 ± .17 -.34 ± .17* -.36 ± .17* 
CY=DH 207. 5 . 29  ±  .19 .27 ± . 18  .41 ± .17* .45 ± . 17**  .44 ± .17** 
Specific heterosis 
Chester-Duroc -.06 ± , .44 -.09 ± .43 .69 ± .40ab^ .65 ± .40ab .97 ± .40ab 
Percent -.7 -1.1 10.0 9.5 15.0 
Chester-Hamp .17 ± , 47 .07 ± .45 .42 ± .43abc .43 ± .42abc .78 ± .43ab 
Percent 1.8 0.7 5.9 6.1 12.2 
Chester-York -.08 ± . ,46 .10 ± .44 .50 ± .41ab .58 ± .41ab .87 ± .41ab 
Percent -.8 1.1 6.3 7.5 11 .9  
Duroc-Hamp .09 ± . 48 -.15 ± .46 .77 ± .44a .82 ± .44a .98 1 .44a 
Percent 1.0 -1.7 10.9 12.4 15.9 
Duroc-York -.97 ± . 45 -.97 ± .43 -.58 ± .41c -.60 ± .41c -.53 ± .41c 
Percent -9.7 -10.3 -7.7 -8.0 -7.5 
Hamp-York -.87 ± . 47 -.89 ± .45 -.42 ± .42bc -.35 ± .42bc -.18 ± .42bc 
Percent -8 .6  -9.3 -5.5 -4.7 -2.5 
^Refer to table 10 for definition of effects, etc. 
Deviations within a group with a common letter are not significantly different (P<.05). 
A(P< .05 ) .  
'•"(P<.01) . 
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at 21, 56 and 154 days. In comparison, Henderson (1948) found signifi­
cance only at birth whereas Willham (1960) and Hetzer ^  al. (1961) 
found non-significant differences at all ages. Significant estimates of 
-.34 (56 days) and -.36 (154 days) for the Chester-Hamp and Duroc-York 
crosses indicated performance below what was expected based on estimates 
of their general and maternal combining abilities. Chester-York and 
Duroc-Hamp crosses, however, performed better than expected with esti­
mates of .41 (P<.05), .45 (P<.01) and .44 (P<.01) for litter size at 21, 
56 and 154 days, respectively. 
Specific heterosis estimates for litter size were significantly 
different from zero only at 154 days but indicated significant differences 
among crosses at 21, 56 and 154 days. Duroc-Hamp, Chester-Duroc, Chester-
York and Chester-Hamp crosses all produced beneficial heterosis estimates 
postfarrowing whereas the Duroc-York and Hamp-York crosses producing 
negative heterosis at all ages. Results reported by Young ^  (1976a) 
differ somewhat from these with highest heterosis for litter size having 
been achieved by Duroc-York crosses (20% at 42 days), small but positive 
heterosis for Hamp-York crosses and intermediate levels for the Duroc-
Hamp crosses. 
The effects of specific combining ability and specific heterosis for 
total litter weight are presented in table 21. Specific combining ability 
was a significant source of variation for litter weight at 21, 56 and 154 
days. Deviations indicated greater than expected performance for Chester-
York and Duroc-Hamp crosses and lower than expected performance from 
Table 21. Effects^ of specific combining ability and specific heterosis—total litter weight 
Item No. TB TEA T21 T56 T154 
Specific combining ability * * 
CD=HY 219.5 .1 ± .5 .2 ± .5 ,1 ± 2. ,2 -3 ± 7 -4 ± 33 
CH=DY 225.0 -.9 ± .5 -.9 ± .5 -5. ,9 ± 2. 2** -20 ± 7** -76 ± 33* 
CY=DH 207.5 .7 ± .5 .7 ± .5 5. J ± 2. 3* 22 ± 7** 80 ± 33* 
Specific heterosis 
Chester-Duroc 2 .5 ± 1.2a^ 2.7 ± 1.2a 16, ,0 ± 5. 3a 53 ± 16a 320 ± 79a 
Percent 9.0 10.0 17.7 20.4 27.1 
Chester-Hamp 1 . 1 i 1.3ab .8 ± 1.3ab 8. 8 + 5. 6abc 30 ± 17abc 242 ± 83ab 
Percent 3.9 3.2 9.5 11.7 21.2 
Chester-York 1 ,3 ± 1.3ab 1.7 ± 1.2ab 10. 8 ± 5. 5abc 46 ± 17ab 289 ± 81a 
Percent 4.7 6.4 10.8 15.2 22.0 
Duroc-Hamp 1 .6 ± 1.3ab . 8 ± 1.3ab 18. 9 ± 5. 8a 66 ± 18a 307 ± 86a 
Percent 5.6 3.1 21.1 25.7 26.3 
Duroc-York -1, . 3 1  I . 3 b  -1.4 ± 1.2b -2. 3 ± 5. 4c -3 ± 16c 41 ± 80b 
Percent -4.5 -5.0 -2.3 - .9 3.1 
Hamp-York .9 ± L. 3ab -.9 ± 1.3ab 2. 4 ± 5. 6bc 8 ± 17bc 106 ± 83ab 
Percent -3.1 -3.4 2.3 2.7 8.2 
^Refer to table 10 for definitions of effects, etc. 
2 
'"Deviations within a group with a common letter do not differ significantly (P<.05). 
* (P< .05) .  
**(?<.01) .  
70 
Chester-Hamp and Duroc-"York crosses. Deviations due to specific combin­
ing ability appeared to be a reflection of differences in litter size 
with little effect from the differences in pig weight. 
Variation in specific heterosis was most evident at 21 and 56 days 
with the largest estimates indicated for Duroc-Hamp and Chester-Duroc 
crosses but only significantly greater than the negligible estimates for 
Hamp-York and Duroc-York crosses. At 154 days all crosses except the 
Duroc-York and Hamp-York crosses produced large and highly significant 
heterosis ranging from 21.2% (Chester-Hamp) to 27.1% (Chester-Duroc) with 
heterosis in total litter weight having been due to both advantages in 
litter size and pig weights. In contrast, heterosis for Duroc-York and 
Hamp-York crosses was only 3.1% and 8.2%, respectively, and resulted from 
a combination of large and positive specific heterosis for pig weights 
and negative specific heterosis for litter size. Young e^ (1976a) 
reported highest specific heterosis in Duroc-York crosses, nearly equal 
heterosis for Duroc-Hamp crosses and lowest heterosis for Hamp-York 
crosses with estimates of 20.7%, 20.4% and 6.0%, respectively, for litter 
weight at 42 days. 
Maternal heterosis was a significant source of variation for total 
number born and highly significant for number born alive. Estimates of 
maternal heterosis presented in table 22 were .92 (?<.05), .95 (P<.01), 
.56, .52 and .48 for number born, born alive and at 21, 56 and 154 days, 
respectively. Most other research has indicated that the effect of 
maternal heterosis on litter size increased with the age of the litter 
Table 22. Effects^ of maternal heterosis, parity and the parity-maternal heterosis interaction— 
litter sis'.e 
Item No. NJ5 NBA N21 N56 N154 
Maternal heterosis 304 .92 ± .37* .95 1 . 36**  . 56 ± .34 .52 ± . 33 .48 ± .33 
Percent 9.4 10.3 7.7 7.3 7.1 
Mean parity 
-.80 1 .23a^ First 566 -.65 ± . 22a  -.41 ± .21a -.42 ± . 21a -.47 ± .21a 
Second 439  .04 ± .19b .08 ± .18b .23 ± .17b .27 ± . 17b .23 ± .17b 
Third 60 .76 1 .35b .57 ± .33b .17 ± . 32ab .15 ± . 31ab .23 ± .32ab 
Interaction 
First 143  -.69 ± .46 -.85 ± .44 -.35 ± .41 -.27 ± . 41 -.29 ± .41 
Second 122 -.31 ± .38 -.48 ± .37 -.15 ± .34 -.09 ± . 34 .05 1 .35 
Third 39 1.00 ± .70 1.33 ± . 67*  .50 ± .63 .36 ± . 63 .24 ± .63 
^Refer to table 11 for definition of effects, etc. 
Deviation within a group with a common letter do not differ significantly (P<.05). 
*(P<.05). 
**(P<.01). 
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and has indicated improved survival of pigs from crossbred dams. Smith 
and McLaren (1967) reported lower estimates of maternal heterosis at all 
ages whereas Johnson and Omtvedt (1975) reported higher estimates post-
farrowing. 
Parity was a highly significant source of variation for litter size 
born and born alive, and was significant at later ages. Parity effects 
indicated significantly smaller litters from first-parity dams than 
second-parity dams at all ages with deviations of -.80 (P<.01), -.65 
(P<.01), -.41 (P<.05), -.42 (P<.05) and -.47 (P<.01), respectively 
(table 22). Largest litters farrowed came from third-parity dams but 
later differences indicated a possible but non-significant advantage to 
second-parity dams. Most research has found similar differences in lit­
ter size between first- and second-parity dams (Smith and McLaren, 1967; 
Fahmy et al., 1971; Holtmann et al., 1975; Young _et al., 1976a). Results 
for third-parity dams, however, have been inconsistent. Smith and Mc­
Laren (1967) studied the performance of purebred and crossbred sows and 
found that the largest litters were farrowed, weaned and marketed from 
third-parity dams. In contrast, Fahmy ^  £l. (1971) reported smallest 
litters at all ages from third-parity purebred dams. 
Maternal heterosis was an important source of variation for litter 
weights through weaning. Estimates presented in table 23 were 3.2 (P<.01), 
3.2 (P<.01), 13.0 (P<.01), 29 (P<.05) and 77 pounds for litter weight born, 
born alive and at 21, 56 and 154 days, respectively. These estimates 
agreed with those of Johnson and Omtvedt (1975) but are somewhat higher 
than those of Smith and King (1964). 
Table 23. Effects^ of maternal heterosis, parity and the parity-maternal heterosis Interaction— 
total litter weight 
Item No. TB TBA T21 T56 T154 
Maternal heterosis 304 3. 2 ± 1 . l'"\ 3.2 ± 1. 0** 13.0 ± 4. 4** 29 ± 14* 77 ± 67 
Percent 11.2 11.9 13.5 10.5 6. 2 
Parity >V i'< ** ** A* A 
First 566 -4. 2 ± 0 . 6a^ -3.8 ± 0. 6a -14.0 ± 2. 7a -37 ± 8a -108 ± 40a 
Second 439 1. 3 ± 0 .5b 1.3 ± 0. 5b 4.2 ± 2. 3b 14 ± 7b 61 ± 34b 
Third 60 2. 9 ± 1 .Ob 2.5 ± 1. Ob 9 .8  ± 4. 26  24 ± 13b 46 ± 62ab 
Interaction vV A* 
First 143 -3. 8 ± 1 . 3** -4.1 ± 1. 3-,'oV -.2 ± 5. 5 -2 ± 17 -58 ± 81 
Second 122 -1. 4 ± 1 .1 -1.7 + 1. 0 2.2 ± 4. 6 4 ± 14 0 ± 68  
Third 39 5. 2 ± 1 . 9** 5 .8  ± 1. 9** -2.0 ± 8. 3 -2 ± 26 58 ± 124 
^Refer to table 11 for definitions of effects, etc. 
Deviations witliin a group with a common letter do not differ significantly (P<.05). 
*(P< .05 ) .  
AA(P< .01 ) .  
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Parity was a highly significant source of variation for all litter 
weight traits studied (table 23). Parity effects indicated that the 
lightest litters at all ages came from first-parity dams with highly 
significant deviations of -4.2, -3.8, -14,0, -37 and -108 pounds per 
litter at birth, live birth, 21 days, 56 days and 154 days, respectively. 
Second-parity dams produced significantly heavier litters with devia­
tions of 1.3 (P<.01), 1.3 (P<.01), 4.2, 14 (P<.05) and 61 pounds per 
litter at birth, live birth, 21 days, 56 days and 154 days, respectively. 
Deviations from third-parity dams were 2.9 (P<.01), 2.5 (P<.01), 9.8 
(P<.05), 24 and 46 pounds per litter, respectively, and indicated per­
formance significantly superior to first-parity dams through weaning but 
with a non-significant difference at five months of age. Smaller dif­
ferences between first and second parities were observed by Smith and 
McLaren (1967), Holtmann et aJ. (1975) and Young aJ. (1976a). 
O'Ferrall ^  (1968), however, found considerably larger parity dif­
ferences in a study involving inbred dams. 
The parity-maternal heterosis interaction was a significant source 
of variation for total litter birth weight and highly significant for 
total litter weight born alive. Interaction effects are presented in 
table 23 and indicated larger differences between parities for single 
cross dams than purebred dams. These differences are further explored 
for total litter weight in table 24 with parity effects list separately 
for purebred and crossbred dams. Third-parity purebred dams produced 
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Table 24, Further examination of the parity-maternal heterosis 
interaction—selected litter weight traits 
Item No. TB TEA T154 
Parity effects 
Purebred dams^ 9 
First 423 -2.3 + 0. 8a -1. 8 ± 0.8a -79 + 53a 
Second 317 2.0 + 0. 8b 2. 2 ± 0.8b 61 + 50b 
Third 21 .3 + 1. 5ab -. 4 ± 1.5ab 17 + 95ab 
Single cross dam 
3 
First 143 -6.1 + 1. Oa -5. 8 ± 0.9a -137 + 61a 
Second 122 .5 + 0. 7b 4 ± 0.7b 62 + 45b 
Third 39 5.5 + 1. 2c 5. 4 ± 1.2c 75 + 79ab 
Maternal heterosis 4 
First parity -.6 + 1. 3a -. 8 i 1.3a 19 + 83 
Percent 2. 4 -3.3 1.6 
Second parity 1.7 + 1. , lab 1. 5 ± 1.1b 77 + 70 
Percent 5. 7 5.1 5.9 
Third parity 8.4 + 2. 5b 9. 0 ± 2.5b 135 + 160 
Percent 29. 3 33.8 10.8 
Parity effects derived from analysis. 
2 
Deviations within a group with a common letter do not differ 
significantly (P<.05). 
3 
Parity effects + parity-maternal heterosis interaction effects. 
u 
Maternal heterosis + interaction effects. Percent maternal 
heterosis = sum/purebred parity mean. 
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litters intermediate in weight between first- and second-parity dams. 
Parity appears to have a linear effect on the litter weight of cross-
breds dams, however, with third-parity sows producing the heaviest lit­
ters with deviations of 5.5 (P<,01), 5.4 (P<.01) and 75 pounds at birth, 
live birth and 154 days, respectively. 
The presence of interaction may also be expressed by calculating 
maternal heterosis separately for each parity. These estimates indicated 
that largest heterosis occurred for third-parity dams with estimates of 
8.4 (P<.01), 9.0 (P<.01) and 135 pounds per litter, respectively, for 
litter weight born, born alive and at 154 days. Although indications of 
a parity-maternal heterosis interaction have not been presented in the 
literature, a comparison of the results presented by Fahmy e^ al^. (1971) 
and Holtmann e_t a^. (1975) showed a similar trend for first and second 
parities. 
Carcass Traits 
Mean squares and tests of significance from analyses of variance for 
carcass traits are presented in table 36. The sire residual mean 
square was significant for color and was highly significant for the re­
maining carcass traits whereas Bereskin ^  a].. (1971) found sires to be 
significant for only two of six traits studied. The litter residual mean 
square was significant for marbling and color, and highly significant for 
the remaining traits. All F-tests for carcass traits were made using 
methods described for individual pig traits. 
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The least squares means of purebreds and the effects of year, 
season and the year-season interaction for carcass traits are presented 
in table 25. Purebred pigs included in this analysis produced carcasses 
with a mean yield of 73.23%, mean length of 30.678 in., mean average 
2 
carcass backfat of 1.301 in., mean loin eye area of 5.370 in. and esti­
mated percent fat corrected muscle of 54.76%. Qualitative characteristics 
included a mean marbling score of 2.672 and mean color score of 2.932. 
Purebred pigs produced an estimated 85 pounds of fat corrected muscle at 
a mean age of 173.1 days. 
Year approached significance for marbling, was significant for color 
and was highly significant for the remaining carcass traits. Season 
effects were significant or highly significant for all quantitative 
measures of carcass merit. The presence of a highly significant year-
season interaction for all traits except length and color, however, tend­
ed to diminish the importance of the season effects with changes in the 
magnitude and/or direction of season differences apparent across years 
for all traits. With the exception of backfat, season effects on quanti­
tative traits indicated by these data agree with those presented by Bruner 
and Swiger (1968), Quijandria e^ _al. (1970) and Johnson £t al. (1973). 
Johnson et. .^l- (1973) found season effects for color and marbling com­
parable to these differences whereas Judge e^ al. (1959) found highly 
significant advantages for fall-farrowed pigs. 
General combining ability was a highly significant source of 
variation for all carcass traits except yield (table 26). Similar 
Table 25. Means^ and effects^ of year, season and the year-season 
interaction—carcass traits^ 
Item No. Yield Length Backfat 
Units (%) (inches) (inches) 
P 2029 73.23 ± .19 30.678 ± .070 1.301 ± .019 
Year ** ** ** 
1973 510 -.20 ± .12 -.325 ± .046**  -.047 ± .012** 
1974 456 .74 ± . 12** .005 ± .046 -.007 ± .012 
1975 747 -.78 ± .11** .189 ± .043**  .013 ± .011 
1976 316 .23 ± .17 .131 ± .065*  .041 ± .017** 
Season ** VC5'C ** 
Spring 1207 -.26 ± .  06**  .089 ± .024**  -.022 ± .006** 
Fall 822 . 26 ± .  06**  - .089 ± .024**  .022 ± .006 
Interaction ** ** 
1973 spring 252 -.53 ± .09**  -.057 ± .035 .011 ± .009 
1973 fall 258 .53 ± .09**  .057 ± .035 -.011 ± .009 
1974 spring 246 -.01 ± .09 .020 ± .035 .018 ± .009* 
1974 fall 210 .01 ± .09 -.020 ± .035 -.018 ± .009* 
1975 spring 393 .53 ± .09**  .037 ± .032 -.029 ± .009** 
1975 fall 354 -.53 ± .  09**  -.037 ± .032 .029 ± .009**  
^Least squares mean of purebreds ± standard error. 
^Deviation from least squares mean ± standard error. 
"^In this table and all carcass trait tables; LEA, %FCM, D85FCM = 
loin eye area, percent fat corrected muscle and days required to reach 
85 pounds of fat corrected muscle. 
* (P<.05) .  
* * (P<.01) .  
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LEA %FCM Marbling Color nSSFCM 
(in.2) (%) (1-5) (1-5) (days) 
5.370 ± .079 54.76 ± .33 2.672 ± .048 2.932 ± .041 173.1 
•II'K 
± 1.4 
-.220 ± .052** -.41 ± .21* .048 ± .032 -.017 ± .027 4.3 ± 0.9** 
-.152 ± .052** -.57 ± .21** .075 ± .031* .078 ± .027** 3.5 ± 0.9** 
.139 ± .049** .48 ± .20* -.022 ± .030 .008 ± .025 3.1 ± 0.9** 
.233 ± .073** 
** 
.50 ± 
* 
.30 -.101 ± .038 -.069 ± .038 -10.9 ± 1.3** 
-.131 ± .027** -.25 ± .11* .009 ± .017 .009 ± .014 .0 ± 0.5 
.131 ± .027** .25 ± .11* -.009 ± .017 -.009 ± .014 -.0 ± 0.5 
** ** ** 
.107 ± .039** .35 ± .16* .065 ± .024** .012 ± .020 1.7 ± 0.7* 
-.107 ± .039** -.35 ± .16* -.065 ± .024** -.012 ± .020 -1.7 ± 0.7* 
-.141 ± .040** -.57 ± . 16** .019 ± .024 .004 ± .021 .8 ± 0.7 
.141 ± .040** .57 ± . 16** -.019 ± .024 -.004 ± .021 -.8 ± 0.7 
.034 ± .036 .22 ± .15 -.085 ± .022** -.016 ± .019 -2.4 ± 0.7** 
-.034 ± .036 -.22 ± .15 .085 ± .022** .016 ± .019 2.4 ± 0.7** 
Table 26. R-squares and effects of general combining ability, breed of 
maternal grandparent and maternal ability, and the correlation 
of general combining ability with maternal ability^—carcass 
traits 
Item No. Yield Length Backfat 
General combining ability 0.4 6. 6** 7. 3** 
Chester White 508 .5 .19 ± .15 -.22 ± .06a^ .040 ± .015a 
Duroc 531 .5 -.02 ± .15 -.15 ± .06a .023 ± .015a 
Hampshire 479 .0 -.16 ± .16 .12 ± .06b -.093 ± .016b 
Yorkshire 510 .0 -.00 ± .15 .24 ± .06b .031 ± .015a 
Breed of maternal grand-
parent 2.: B** 4.4** 1. ,8**  
Chester White 529 .0 .43 ± .13a -.27 ± .05a .020 ± .012a 
Duroc 514 .0 - .32 ± .14b .10 ± .05bc .017 ± .011b 
Hampshire 504 .5 -.36 ± .13b -.00 ± .05b -.046 ± .011b 
Yorkshire 481 .5 .24 ± . 14a .17 ± .05c .009 ± .012a 
Maternal ability 
Chester White .25 ± . 15a -.06 ± .05a -.020 ± .014a 
Duroc -.29 ± .16b .25 ± .06b -.006 ± .014a 
Hampshire -.20 ± . 16b -.12 ± .06a .048 ± .014b 
Yorkshire .24 ± . 16a -.07 ± .06a -.022 ± .014a 
Correlation 69 -.53 — . 99"" 
""Refer to table S for uefiaiLioiis of effects, etc. 
2 
Deviations within a group with a common letter do not differ sig­
nificantly (P<.05). 
* (P<.05) .  
**(P<.01). 
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LEA %FCM Marbling Color D85FCM 
5.  2**  6. 1**  8. 0:-' :* 3. 8**  6. 9**  
-.20 ± .07a -.86 ± .27a .14 + . 04a .05 ± .03a 3.3 ± 1.2a 
.17 ± . 06b .37 ± .26b .16 + . 04a .09 ± .03a -4.1 ± 1.1b 
.19 ± .07b 1.21 ± .27b -.24 + . 04b -.17 ± .03b -2.0 ± 1.2b 
-.17 ± . 06a -.71 ± . 26a -.06 + . 04c .04 ± . 03a 2.9 ± 1.1a 
1.: 1* 1. ,4**  5. 9**  4. ,8**  3. 3**  
-.06 ± .05ab -.38 ± .19a .16 + .04a .05 ± . 03a 3.6 ± 1.0a 
-.11 ± . 05a -.41 ± . 19a .12 + . 04a .05 ± . 03a -2.4 ± 1.0b 
.07 ± .05bc .53 ± .19b -.19 + .04b -.19 ± .03b .5 ± 1.0b 
.10 ± .05c .26 ± .20b -.09 + .04b .10 ± .03a -1.8 ± 1.0b 
.13 ± . 06a .48 ± .23a .01 + .04 .00 ± .04 .3 ± 1.1a 
-.29 ± . 06b - .78 ± .24b -.04 + .04 -.04 ± .04 1.8 ± 1.2a 
-.12 ± . 06c - .68 ± .24b .05 + .04 -.03 ± .04 2.5 ± 1.2a 
.27 ± . 06a .98 ± . 24a -.03 + .04 .06 ± .04 -4.6 ± 1.2b 
-. 91 -.88 - ,  .62 .21 -.70 
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variation in general combining ability was noted by Hetzer e_t a]^. (1961) . 
With the exception of Bereskin e^ (1971), most other crossbreeding 
studies have found significant breed of sire effects for most carcass 
traits (Fahmy and Bernard, 1971; Johnson e_t , 1973; Fahmy et al., 
1976). General combining ability estimates for the Duroc and Hampshire 
breeds indicated significant advantages for loin eye area, percent fat 
corrected muscle and days required to produce 85 pounds of fat corrected 
muscle. Duroc sired pigs had the highest marbling and color scores but 
the marbling scores were not significantly higher than Chester White and 
the color scores were only significantly higher than Hampshires. Hamp­
shire sired pigs had the lowest backfat of all breeds. Similar differences 
among breeds of sire were revealed by Johnson ^  al. (1973). 
Breed of maternal grandparent was a significant or highly significant 
variation for all carcass traits (table 26). Significant breed of dam 
variation for similar carcass traits was also found by Bereskin _e£ al. 
(1971), Fahmy and Bernard (1971). Johnson ^  (1973), Bereskin and 
Davey (1974) and Fahmy al• (1976). R-squares for breed of maternal 
grandparent variation indicated that choice of sire breed is more impor­
tant than choice of dam breed for all carcass traits except yield and 
color. Tlie smaller R-squares for maternal grandparent variation were due 
to the negative correlations of large general combining ability effects 
with smaller maternal ability effects. Although the differences among 
the maternal abilities were not always significant, maternal ability 
estimates for the Yorkshire and Chester White breeds tended to improve 
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their relative performance as dams and decrease the relative performance 
of the Duroc and Hampshire breeds. A similar situation for the Duroc, 
Hampshire and Yorkshire breeds was indicated by the results presented by 
Young et al. (1976b). 
The residual purebred effect was a significant source of variation 
for color and approached significance for average backfat. Indications 
of higher than expected backfat in purebred Durocs, higher than expected 
color scores in purebred Hampshires and lower than expected color scores 
in purebred Yorkshires are presented in table 27 with constant estimates 
of .057 (P<.05), .225 (P<.01) and -.59 (P<.05), respectively. Inbreeding 
was a significant source of variation for backfat and percent fat corrected 
muscle and approached significance for days required to produce 85 pounds 
fat corrected muscle. These results indicated that as inbreeding increased 
by 10%, backfat decreased by .054 in., percent fat corrected muscle in­
creased by .80% and days required to produce 85 pounds fat corrected 
muscle increased by 3.5 days. Although similar estimates have beer, found 
(S. Jungst, Animal Science Department, Iowa State University, unpublished 
results, 1978), other estimates for backfat were opposite in direction 
(Berruecos ££ , 1970) . 
Individual heterosis estimates presented in table 27 are generally 
small and non-significant. Two exceptions are marbling (-.131, P<.01), 
and days to 85 pounds fat corrected muscle (-16.3, P<.01). Most published 
estimates are fairly small and agree with estimates for the remaining 
traits. Bereskin _et (1971), however, found higher heterosis for 
Table 27. Deviations of the residual purebred effect, inbreeding, 
individual heterosis and breed specific heterosis—carcass 
traits 
Item No. Yield Length Backfat 
Residual purebred effects 
Chester White 190. 5 .12 ± .33 .15 ± .11 -.054 ± .028 
Duroc 207. 0 -.25 ± .31 -.20 ± .11 .057 ± .027* 
Hampshire 184. 0 .08 ± .32 .01 ± .11 .020 ± .027 
Yorkshire 192. 0 .05 ± .32 .04 ± .11 -.024 ± .028 
Inbreeding 1305. 0 -.34 ± .26 -.07 ± .09 -.054 ± .023* 
Individual heterosis 1255. 5 .13 ± .17 .11 ± .06 .021 ± .014 
Percent .2 .4 1.6 
Breed specific heterosis 
Chester White 
Percent 
Duroc 
Percent 
Hampshire 
Percent 
Yorkshire 
Percent 
,02 ± .37 
.0 . 
.38 ± .35 
.5 
.05 ± .36 
. 1  
.08 ± .35 
. 1  
-.04 ± .13 
-.1 
.31 ± .12 
1 . 0  
.10 ± .12 
.3 
.07 ± .12 
. 2  
.075 ± .032a2 
5.8 
-.036 ± .030b 
- 2 . 6  
.001 ± .031ab 
. 1  
.045 ± .031ab 
3.4 
Refer to table 9 for definitions of effects, etc. 
9 
"Deviations within a group with a common letter do not significantly 
differ (P<.05). 
*(P<.05). 
**(P<.01) . 
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LEA ZFCM Marbling Color D85FCM 
,06 ± .11 .57 ± .46 -.063 ± .086 -.016 ± .077 2.1 ± 2.4 
,06 ± .11 -.52 ± .45 -.057 ± .083 -.050 ± .074 1.8 ± 2.3 
,02 ± .11 -.07 ± .45 .100 ± .083 .225 ± .075** .5 ± 2.3 
,03 ± .11 .01 + .45 .020 ± .085 -.159 ± .076* -4.4 ± 2.4 
.11 ± .09 .80 ± .37* .017 ± .069 .050 ± .062 3.5 ± 1.9 
.07 ± .06 .04 ± .24 -.070 ± .044 -.131 ± .039** -16.8 ± 1.2** 
1.3 0.1 -2.6 -4.5 -9.7 
,01 ± .13 -.53 ± .53 -.007 ± .048 -.114 ± .OBSab -18.9 ±2.7 
.1 -1.0 -.2 -3.8 -10.4 
,13 ± .12 .57 ± .50 -.013 ± .093 -.081 ± .083a -18.6 ± 2.6 
2.4 1.0 -.5 -2.7 -11.0 
.05 ± .13 .11 ± .51 -.170 z .095 -.355 ± .085b -17.3 ± 2.7 
.9 .2 -7.2 -12.7 -10.0 
.10 ± .12 .03 ± .50 -.090 ± .093 .028 ± .084a -12.3 ± 2.6 
1.9 .1 -3.6 1.0 -7.3 
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backfat and Young al^. (1976b) found positive but non-significant 
heterosis for marbling. 
Most estimates of breed specific heterosis were small and non­
significant (table 27). All estimates for days required to produce 85 
pounds fat corrected muscle, however, were highly significant but 
significant differences among the estimates were not indicated. Some 
differences among breed specific heterosis estimates for backfat and 
color were detected. 
The effects of specific combining ability and specific heterosis 
are presented in table 28. Specific combining ability was a significant 
source of variation for marbling and highly significant for color. Hetzer 
et al. (1961) also found non-significant differences in specific combin­
ing ability for quantitative carcass traits but did not analyze qualita­
tive traits. These results indicate greater than expected performance 
for Chester-York and Duroc-Hamp crosses and lower than expected perfor­
mance from Chester-Kamp and Duroc York crosses. Significant differences 
among specific heterosis estimates are limited to color scores and 
backfat. 
Maternal heterosis estimates presented in table 29 were all quite 
small and ranged from -.8% to .6%. Johnson e^ al.- (1974) also obtained 
small maternal heterosis effects on carcass traits by comparing two- and 
three-breed crosses of the Duroc, Hampshire and Yorkshire breeds. Parity 
and the parity-maternal heterosis interaction were non-significant 
sources of variation for all carcass traits studied. 
Table 28. Effects^ of specific combining ability and specific 
heterosis—carcass traits 
Item No. Yield Length Backfat 
Specific combining ability 
CD=HY 219 .5 -.05 ± .11 -.06 ± .04 .016 ± .009 
CH=DY 225 .0 .18 ± .11 .03 ± .04 -.008 ± .009 
CY=DH 207 .0 -.13 ± .11 .03 ± .04 -.008 ± .009 
Lfic heterosis 
Chester-Duroc .15 ± .27 .07 ± .09 .035 ± .023a-
Percent .2 .2 2.6 
Chester-Hamp .22 
C
O
 CN +
1 
.06 ± .09 .030 ± .024ab 
Percent .3 .2 2.4 
Chester-York -.08 ± .27 .05 ± .09 .052 ± .023a 
Percent -.1 .1 4.0 
Duroc-Hamp .09 ± .28 .24 ± .10 -.025 ± .024b 
Percent .1 .8 -2.0 
Duroc-York .41 ± .26 .22 ± .09 -.003 ± .023ab 
Percent .6 .7 — • 2 
Hamp-York .01 ± .27 .02 ± .09 .039 ± .023a 
Percent .0 .1 3.1 
Refer to table 10 for definition of effects, etc. 
2 
Deviations within a group with a common letter do not differ 
significantly (P<.05). 
* (P<.05) .  
(P<. 0Î ) . 
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LEA %FCM Marbling Color D85FCM 
* A* 
.01 ± . 04 -.06 ± . 15 .006 ± . 028 -.022 ± .025 -.6 ± 0. 8 
.05 ± . 04 .14 ± . 15 -.072 ± . 028** -.060 ± .025* .1 ± 0. 8 
.05 ± . 04 -.08 ± . 15 .066 ± . 028* .082 ± .025** .5 ± 0. 8 
.08 ± . 09 -.04 ± . 38 -.004 ± . 070 -.120 ± .063ab -19.3 ± 2. 0 
1.5 -.1 -.1 -4. 0 -11.0 
.07 ± . 10 -.07 ± . 39 -.160 ± . 073 -.295 ± . 065c -18.0 ± 2. 0 
1.3 -.1 -6.1 -10. 2 -10.2 
.00 ± . 09 -.33 + 38 .017 ± . 071 .039 ± .063a -15.1 ± 2. 0 
.0 -.6 .6 1. 3 —8.6 
.04 ± . 10 .26 + 40 -.026 ± . 074 -.136 ± .066abc -17.4 ± 2. 1 
.7 .5 -1.0 -4. 7 -10.2 
.16 ± . 09 .44 T 37 -.124 ± . 069 -.086 ± .062ab -15.3 ± 1. 9 
3.0 .8 —4.6 -2. 9 -9.1 
.08 ± . 09 .01 + 38 -.124 ± . 071 -.185 ± .063bc -15.4 ± 2. 0 
1.5 .0 -5.1 -6. 5 -9.0 
Table 29. Effects^ of maternal heterosis, parity and the parity-
maternal heterosis interaction—carcass traits 
Effect No. Yield Length Backfat 
Maternal heterosis 590 .42 .20* .01 ± .08 .000 ± .020 
Percent .6 .2 .0 
Mean parity 
First 1073 .21 + .13 -.05 ± . 04 .010 ± .011 
Second 837 -.06 + .11 .00 ± .04 -.006 ± .009 
Third 119 -.15 + .20 .05 ± .07 -.004 ± .017 
Interaction 
First 274 -.10 ± .26 -.06 ± .09 -.028 ± .022 
Second 239 -.52 ± .22* .00 ± .07 -.036 ± .019 
Third 77 .62 ± .40 .06 + .14 .064 ± .034 
^Refer to table 11 for definition of effects, etc. 
* (P<.05) .  
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LEA %FCM Marbling Color D85FCM 
.00 + .08 -.15 + .35 -.022 + .051 -.022 + .044 .4 ± 1.5 
.0 -.3 Î -.7 .2 
.07 + .04 .17 + .18 -.015 + .034 -.026 + .031 1.3 ± 1.0 
.05 + .0 .23 + .15 -.012 + .028 -.020 + .026 -1.9 ± 0 .8*  
-.11 + .07 -.39 + .28 .026 + .052 .046 + .047 .6 ± 1.5 
.11 + .09 .31 + .37 .054 + .068 .030 + .062 -.3 ± 1.9 
.02 + .08 .17 + .31 -.012 + .057 -.007 + .051 1.2 ± 1.6 
-.14 + .14 -.49 + .56 -.041 + .100 -.024 + .094 -.9 ± 2.9 
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Mean sex effects presented in table 30 indicated that gilts produced 
superior (P<.01) carcasses for all quantitative measures. Differences 
between the sexes (gilt - barrow) were .34% for yield, .432 in. for 
2 length, -.14 in, for backfat, .634 in. for loin eye area, 3.02 percent 
fat corrected muscle and -2.70 days required to produce 85 pounds fat 
corrected muscle. N.P.P.C. (1976) indicated that the sex differences 
for days required to produce 85 pounds of fat corrected muscle was 2.0 
whereas the remaining estimates agreed in sign and relative magnitude 
with other published estimates (Hale and Southwell, 1967; Bruner and 
Swiger, 1968; Quijandria e^ ^ 1. , 1970). Judge e^ al. (1959) found gilts 
to have significantly lower marbling scores but obtained little difference 
for color scores. 
Deviations for the sex-individual heterosis interaction and the sex-
maternal heterosis interaction are also presented in table 30. The sex-
individual heterosis interaction was highly significant for days to 85 
pounds fat corrected muscle whereas the sex-maternal heterosis interaction 
was highly significant for loin eye area, percent fat corrected muscle 
and days to 85 pounds fat corrected muscle. The effect of the interactions 
on sex-differences and heterosis estimates are more fully explored in 
table 31. Where the interactions were significant, sex differences be­
came greatest within the mating type which expressed heterosis (purebred 
versus crossbred and paternal versus maternal backcross). Heterosis esti­
mates also differed between sexes with gilts having benefited from the 
more favorable heterosis. 
Table 30. Effects^ of sex, sex-individual heterosis interaction and 
sex-maternal heterosis interaction—carcass traits 
Effect No. Yield Length Backfat 
Mean sex 
Gilt 999 .17 ± .05**  
Barrow 1030 -.17 ± .05** 
Sex by individual 
heterosis 
Gilt 625.0 .20 ± .14 
Barrow 630.5 -.20 ± .14 
Sex by maternal 
heterosis 
Gilt 295 .13 ± .10 
Barrow 295 -.13 ± .10 
,216 ± .016** 
,216 ± .016** 
,057 ± .046 
.057 ± .046 
,003 ± .031 
.003 ± .031 
-.070 ± .004**  
.070 ± .004**  
.018 ± .012 
-.018 ± .012 
-.006 ± .008 
.006 ± .008 
^Refer to table 12 for definitions of effects, etc. 
**(?<.01). 
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Table 31, Sex differences for each mating type and heterosis estimates for each sex^—selected 
carcass traits 
Item LEA %FCM D85FCM 
Sex differences 
Phase I 
Purebred 
Single cross 
Phase II 
Pat. backcross 
Mat. backcross 
Individual heterosis 
Gilt 
Percent 
Barrow 
Percent 
Maternal heterosis 
Gilt 
Percent 
Barrow 
Percent 
.48 ± .07 
,62 ± .05 
,55 ± .04a 
,72 ± .05b 
,14 ± .08 
2.5 
,00 ± .07 
.0 
,09 ± .07a 
1.6 
09 ± .07b 
-1.7 
2.64 ± .28 
2,68 ± ,18 
2.66 ± .15a 
3.38 ± ,20b 
.06 ± .31 
. 1  
.03 ± .27 
. 1  
.22 ± .27a 
. 4 
-.51 ± ,27b 
-.9 
1,5 ± 1,3a' 
-3.8 ± 0.8b 
-1.2 ± 0.7a 
-4.3 ± 1.0b 
-19,4 ± 1.5a 
-11,2 
-14.1 ± 1,4b 
- 8 , 2  
-1.2 ± 1.3a 
~.l 
1,9 ± 1,3b 
1 , 1  
Refer to table 13 for definition of effects, etc, 
> 
'Deviations within a group with a common letter do not differ significantly (P<,05) 
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The sex-general combining ability interaction was a significant 
source of variation for yield and percent fat corrected muscle and highly 
significant for backfat. Deviations for percent fat corrected muscle 
and backfat presented in table 32 indicated largest difference between 
sexes for pigs of Yorkshire breeding and smallest differences for pigs 
of Hampshire breeding. Interaction effects for yield indicated sex dif­
ferences for pigs of Yorkshire breeding to be opposite in direction as 
compared to the remaining breeds. Significant breed-sex interactions 
for percent lean cuts and carcass backfat were reported by Bruner and 
Swiger (1968) and revealed largest sex differences in Yorkshire pigs as 
found in this study. 
The regression on slaughter weight was significant for yield and 
highly significant for length, backfat, loin eye area and percent fat 
corrected muscle with regression coefficients of .021, .041, .0048, 
.012 and -.040, respectively. Nearly identical and highly significant 
estimates fur length, backfat and loin eye area were reported by 
Bereskin e^ (1971). The authors also reported a negative regression 
coefficient for percent ham and loin but did not analyze yield. A nega­
tive regression for percent lean cuts has also been reported (Johnson 
et al., 1973). 
Least squares means for carcass traits of Phase I and Phase II breed 
combinations are presented in tables 43 and 44, respectively. 
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SUMMARY AND CONCLUSIONS 
It was the purpose of this analysis to study the genetic effects 
of crossbreeding, i.e., general combining ability, maternal ability, 
specific combining ability, individual heterosis, maternal heterosis and 
the residual purebred effect. This experiment was designed as a two 
phase study with Phase I consisting of the production of all possible 
purebred and single cross combinations of the Chester White, Duroc, 
Hampshire and Yorkshire breeds. Phase II included all possible back-
crosses among the breed combinations produced in Phase I. 
Phase I litters were farrowed from the spring of 1973 through the 
fall of 1974 and included 137 purebred and 376 single cross litters that 
produced market weight pigs. Phase II litters were farrowed from the 
spring of 1975 through the spring of 1976 and included 304 maternal back-
cross litters (purebred sires mated to single cross dams) and 248 paternal 
backcrcss litters (single cross sires mated to purebred dams). A total 
of 7595 pigs were finished of which 2029 were randomly selected to pro­
vide carcass measurements. 
Non-Genetic Effects 
Although it was not the intent of this study to investigate non-
genetic effects on swine performance, certain effects were inherently 
part of this experiment and thus were investigated. Non-genetic sources 
of variation included year and season of farrow, parity of the dam, sex 
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of the pig, live weight at slaughter and certain two-factor interactions. 
Year and season effects were important for most measures of perfor­
mance. Spring-farrowed pigs and litters tended to be superior for weight 
and survival. Significant year-season interactions changed the magnitude 
and the direction of the season influences across years and reduced the 
potential utilizing season differences in most situations. 
Parity effects were important for early pig weight and all measures 
of litter performance with distinct advantages of second-parity dams over 
first-parity dams. Although the number of third-parity dams included in 
this study was small, indications of an additional advantage for third-
parity single cross dams was observed but little difference between second-
an d third-parity purebred dams was noted. If this conflict in parity 
effects between purebred and single cross dams is true and not simply an 
artifact of the data caused by the small sample of third-parity dams, an 
interesting application can be formulated. Assuming a terminal cross is 
used in a swine production system, the optimum performance of second-
parity purebred dams provides added incentive for rapid turnover of the 
foundation breeding herd. Opportunities for additional genetic gain are 
therefore enhanced from the shorter generation interval. In contrast, 
the continued improvement in performance of third-parity crossbred dams 
provides incentive to maintain those animals in the breeding herd for 
additional litters. Replacement costs are thus reduced through reduction 
in the size of the foundation herd used to produce the crossbred dams. 
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Sex differences were important for individual pig weights, average 
daily gain and quantitative carcass measurements. Gilts were lightest 
at all ages but produced superior carcasses. One carcass trait, days 
required to produce 85 pounds of fat corrected muscle, was designed to 
combine feedlot performance with carcass desirability and indicated an 
advantage of 2.8 days for gilts. The sex-individual heterosis interaction 
was significant for days to 220 pounds of live weight and days to 85 
pounds of fat corrected muscle whereas the sex-maternal heterosis inter­
action was important for 154-day weight, days to 220 pounds, average 
daily gain, loin eye area, percent fat corrected muscle and days to 85 
pounds fat corrected muscle. The effect of the interaction was to im­
prove the relative performance of gilts in crosses with sex differences 
having been smaller for feedlot performance traits but larger for carcass 
traits. 
Assuming adequate methods are developed to control the sex of 
progeay and assuming days to 85 pounds of fat corrected rn.uscle properly 
combined feedlot performance with carcass merit, these data indicated 
that gilt progeny should be produced. Other researchers have found boars 
to produce carcasses superior to barrows with comparable gains, thus in­
directly employing a combined advantage of boars over gilts. Public 
acceptance of boarmeat would be required, however, before boars could 
be produced for commercial slaughter. 
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Genetic Effects 
The choice of the optimum mating system (purebred versus single 
cross versus three-breed*cross, etc.) is at least partially and often 
largely dependent on the magnitude of individual heterosis. In this 
study individual heterosis was most important for individual pig weights 
with highly significant advantages of single cross over purebred progeny 
ranging from 3.7% at birth to 10.6% at market age. Indications of in­
dividual heterosis for survival were also presented with a final advan­
tage in 154-day litter size of 7.1% (P<.10). The combination of heavier 
weights and improved survival provided highly significant advantages in 
total litter weight of 9.4% at 21 days, 12.0% at 56 days and 17.6% at 
154 days. Individual heterosis was small for most carcass traits but was 
highly significant for marbling (-4.5%) and days to 85 pounds fat cor­
rected muscle (-9.7%). 
The advantages in individual heterosis clearly indicate the necessity 
of utilizing some form of crossbreeding in a swine production system. 
Additional gain by crossbreeding can be accrued by combining the desirable 
characteristics of two or more breeds. In this study the contributions 
of each breed as sires and as dams were evaluated by estimating the general 
combining ability, maternal ability and breed of maternal grandparent 
deviations. 
General combining ability was a highly significant source of variation 
for 154-day weight, average daily gain and all carcass traits except yield. 
Although the differences were not always significant, general combining 
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ability estimates indicated that progeny from sires of Duroc breeding 
(purebred Duroc sires and Duroc cross sires) had heaviest 56-day and 
154-day weights, fastest gains, highest marbling and color scores, and 
required the fewest days to reach 85 pounds of fat corrected muscle. 
Progeny of Duroc sires produced carcasses with loin eye area and percent 
fat corrected muscle estimates second only to Hampshire sired pigs and 
significantly greater than Yorkshire or Chester Whites. Although the 
differences were no longer significant, Duroc sired litters were heaviest 
at 21, 56 and 154 days with litter size post-farrowing second only to 
Chester White sired litters. Other breeds had general combining ability 
estimates superior for one or more traits but did not appear to compete 
with the Duroc breed for overall performance based on the traits analyzed 
in this study. 
Significant differences among maternal ability estimates indicated 
that it was an important source of variation for all traits except marbling 
and color. Correlations betveen general cc^tining ability and maternal 
ability were generally large and positive for individual pig traits, in­
termediate to small and positive for litter size, intermediate and nega­
tive for total litter weight, and large and negative for most carcass 
traits. 
Breed of maternal grandparent was a non-significant source of 
variation for 21-day and 56-day litter weight, significant for 154-day 
litter weight and loin eye area, and highly significant for the remaining 
traits. R-squares calculated from these analyses indicated that choice 
of dam breed is more important than choice of sire breed for litter size. 
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litter weight and individual pig weight at all ages, average daily gain, 
yield and color but less important for the remaining carcass traits. 
Breed of maternal grandparent effects indicated a consistent separa­
tion of the four breeds for litter size at all ages. Dams of Chester 
White breeding farrowed and raised the largest litters. The remaining 
differences were not always significant but indicated that Yorkshires 
ranked second, Hampshires third and Durocs fourth. Rankings of the 
breeds for individual pig weight varied from age to age and were not 
always significant but indicated that dams of Chester White breeding pro­
duced the lightest pigs at all ages. Postweaning measurements indicated 
that dams of Duroc breeding produced the heaviest and fastest gaining 
pigs with Yorkshires ranked second and Hampshires third. 
Breed of maternal grandparent deviations for total litter weight 
indicated that dams of Chester White and/or Duroc breeding farrowed the 
heaviest litters with intermediate performance from Yorkshire dams and 
lightest litters from Hampshire dams. Although the variation was no 
longer significant at 21 and 56 days, the two white breeds, Chester White 
and Yorkshire, produced the heaviest litters. By 154 days, however, the 
superior survival of pigs from Chester White dams pushed their total lit­
ter production to first place with intermediate production from Yorkshire 
dams and lightest litters from Duroc and Hampshire dams. 
The variation among maternal grandparent effects was significant or 
highly significant for all carcass traits but failed to reveal a consistent 
superiority of any breed. Progeny of Yorkshire dams ranked favorably for 
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all carcass traits except marbling and contrasted with the relatively low 
carcass desirability of progeny of Yorkshire sires. Progeny of Duroc 
sires produced rather desirable carcasses whereas progeny of Duroc dams 
ranked poorly for yield, backfat, loin eye area and percent fat corrected 
muscle but remained superior for days to 85 pounds of fat corrected muscle. 
The failure of any one breed to excel as a dam across the individual, 
litter and carcass traits indicated a potential advantage of combining 
the desirable qualities of two or more breeds into a crossbred dam. The 
advisability of using a crossbred dam was further enhanced by the presence 
of maternal heterosis. 
Maternal heterosis was an important source of variation for 21-day 
pig weight, for litter size from birth through 21 days and for litter 
weight from birth through 56 days. Distinct advantages in litter produc­
tion of single cross dams were evident. Maternal heterosis estimates 
ranged from 10.3% (P<.01) for litter size born alive to 7.1% at 154 days 
and from 11.1% (P<.01) for litter weight born alive to 6.2% for 154-day 
litter weight. 
The final choice of sire and dam breeds must also include considera­
tion of the remaining interaction effects. Specific combining ability 
indicates additional variation in single crosses above what is expecced 
based on estimates of the general and maternal combining abilities ot 
the two breeds. Similarly the residual purebred effect indicates vari­
ation in purebreds above what is expected based on the general and maternal 
combining abilities of that breed. Both of these interaction effects are 
present in backcrosses with one-half of the residual purebred effect 
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associated with the breed used as a purebred parent and one-half of the 
specific combining ability effect associated with the two breeds that are 
crossed. 
Specific combining ability was an important source of variation for 
litter size postfarrowing, litter weight postfarrowing, marbling and 
color. Specific combining ability effects indicated higher than expected 
performance from Chester-York and Duroc-Hamp crosses. Lower than ex­
pected performance was observed in Chester-Hamp and Duroc-York crosses. 
The residual purebred effect was an important source of variation 
for litter size postfarrowing, litter weight postfarrowing and color. 
Deviations from analyses indicated litter performance was lower than ex­
pected for purebred Chester Whites and three-quarter Chester White back-
crosses. Higher than expected litter performance was observed in pure­
bred Yorkshires and three-quarter Yorkshire backcrosses. 
The sire residual mean square was a significant or highly significant 
source of variation for all traits except pig birth weight and 21-day pig 
weight. Because a number of high order interactions were part of this 
variation, the mean square was not a clean indication of the variation 
among sires, but indicated, at least indirectly, that choice of sire would 
be very important. 
Least squares means for Phase I and Phase II breed combinations indi­
cated considerable variation for each of traits but failed to suggest that 
any one cross or group of crosses was superior across all traits. Some 
form of a biological or economic index would be required to adequately 
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select the optimum breed combination. These results indicated that 
choices of mating system, dam breed, sire breed, and sire are all im­
portant. Each of the breeds in tliis study, and probably several others 
not included, all have the potential to make some contribution with 
several combinations offering attractive potential. 
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APPENDIX 
Table 32. Effects of the sex-general combining ability interaction^ and 
the regression on slaughter weight^—carcass traits 
Item No. Yield Length Backfat 
Interaction A 
C-gilt 262.75 .24 + .10* .049 + .034 .002 ± .009 
C-barrow 256.00 -.24 ± .10* -.049 .034 -.002 ± .009 
D-gilt 272.00 .04 + -10 -.034 ± .034 .006 ± .009 
D-barrow 250.75 -.04 ± .10 .034 ± .034 -.006 ± .009 
H-gilt 242.50 .07 ± .10 -.035 ± .035 .033 ± .009**  
H-barrow 249.25 -.07 ± .10 .035 + .035 -.033 ± .009**  
Y-gi l t  243.00 -.35 ± .10** .020 .034 -.041 ± .009**  
Y-barrow 252.75 .35 ± . 10** -.020 + .034 .041 ± .009** 
Regression 2029 .021 ± .009* .041 + .003**  .0048 ± .0007**  
^Deviation from least squares mean ± standard error. 
^Change in observed value per one pound increase in slaughter weight. 
* (P<.05) .  
** (P<.01) .  
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LEA %FCM Marbling Color D85FCM 
•K 
.002 + .035 -.02 + .14 .011 + .031 .020 + .027 .1 + .7 
-.002 + .035 .02 + .14 -.011 + .031 -.020 + .027 -.1 ± .7 
.003 + .035 -.07 + .14 -.006 + .031 .009 + .027 -.3 + .7 
-.003 + .035 .07 + .14 .006 + .031 -.009 + .027 .3 + .7 
-.062 + .035 -.42 + .14** .054 ± .31 .000 + .027 .8 .7 
.062 + .035 .42 + . 14** -.054 + .31 -.000 + .027 -.8 + .7 
.057 + .034 .52 + . 14** -.059 .030* -.029 + .027 -. 6 .6 
-.057 + .034 -.52 + . 14** .059 + .030* .029 + .027 .6 .6 
.012 + .003** -.040 + .012** . —— — — — —  
Table 33. Mean squares and tests of significance from the analysis of variance—individual pigs^ 
Source df WB W21 W56 W154 D220 ADG 
Year 3 2.96 .7 1366**  52465** 28193**  4.872** 
Season 1 23.90**  104.2 9131** 12068**  7052 .049 
Year X season 2 10.92**  112.4* 4022**  13272* 6334 . 066 
B. pat. grandpat. 3 1.28 20.9 516 14296**  5000 .834**  
Mat. heterosis 1 .04 276.0**  551 4271 866 .327 
Sire residual 163 1.44 26.8 335**  3088**  2070** .190** 
B. mat. grandpat. 3 56.29**  213.4**  1809**  30998**  14668**  1.636** 
Ind. heterosis 1 8.40**  381.3**  6939**  226436**  188990**  14.146** 
Residual purebred 3 .10 25.3 159 1137 177 .063 
Spec. comb. abil. 2 3.64 50.0 434 1722 1563 .143 
Parity 2 34.65**  958.4** 6446**  18103** 8597** .527* 
Par. X mat. het. 2 1.56 56.3 215 476 114 .051 
Inbreeding 1 2.25 37.5 507 23155**  8554* 1.363** 
Litter residual 877 1.23**  22.7** 223**  1900** 1455** .114** 
Sex 1 4.75**  30.5*  95 32356**  44289**  2.583** 
Sex X ind. het. 1 .32 .2 20 0 3593* .000 
Sex X mat. het. 1 .00 .0 15 1884 3357* .138* 
Sex X gca 3 .07 4.2 36 373 841 .028 
Residual 6524 .19 5.0 48 601 525 .035 
Total 7595 
^See text for 
* (P<.05) .  
**(p<.01). 
description of sources and F-tests. 
Table 34. Mean squares and tests of sip.nificance from the analysis of variance—litter size* 
df NB NBA N21 N56 N154 
3 21.3 16.6 10.0 8.8 4.6 
1 2.1 1.7 29.6 39.7* 101.0** 
2 39.6 35.4* 60.4** 56.6** 51.9** 
ii€bl=" J :!i ii tL 'S-
Source 
Year 
Season 
Year X season 
Brd. mat. grandparent 3 75.3** 87.1** 33.8** 32.7** 32.3** 
Individual heterosis 1 7.6 7.8 4.8 .^'9 
Residual purebred 3 11.7 12.6 13.7 12.5 18.2* 
2 8.8 7.5 18.4* 22.1* 22.4* 
2 31.5* 22.5* 12.6* 25.4* 20.2* 
2 8.4 13.9 2.2 1.3 2.1 
1 .2 .9 3.7 4.1 7.5 
Specific comb, ability 
Parity 
Par. X mat. het. 
Inbreeding 
Litter residual 877 7.3 6.7 6.0 
Total 1065 
^See text for description of sources and F-tests. 
*(P<.05). 
**(?<.01). 
Table 35. Mean squares and tests of significance from the analysis of variance—litter weight 
Source 
Year 
Season 
Year X season 
Brd. pat. grandparent 
Maternal heterosis 
Sire residual 
Brd. mat. grandparent 
Individual heterosis 
Residual purebred 
Specific comb, ability 
Parity 
Par. X mat. het. 
Inbreeding 
Litter residual 
Total 
df TB TBA T21 T56 T154 
3 328* 225 2104 48144* 1081452* 
1 370 571**  10869* 276980** 4812000** 
2 71 186 5010* 17210 1156673* 
3 84 63 317 4860 162797 
1 848** 877**  14201** 72472* 499885 
163 96**  91** 1608**  15939**  378986** 
3 233**  284**  1745 17247 618849* 
1 48 36 7634**  103619** 4384705** 
3 106 115 2213 21129 517314 
2 87 90 4609* 60443** 838677* 
2 1312**  1127** 21695**  168592**  1416356**  
2 254**  293**  154 621 69360 
1 41 53 1863 20620 882502* 
877 56 54 1037 9702 228120 
1065 
^See text for description of source» and F-tests. 
* (P<.05) .  
* * (P<.01) .  
Table 36. Mean squares and tests of significance from analyses of 
variance—carcass traits^ 
Source df Yield Length 
Year 3 162.7**  17.94**  
Season 1 106.4**  12.51** 
Year X season 2 164.6**  1.36 
Breed paternal grandparent 3 4.2 10.21** 
Maternal heterosis 1 29.8*  .71 
Sire residual 163 6.5"* .92**  
Breed maternal grandparent 3 29.8**  6 .78**  
Individual heterosis 1 2.9 1.97 
Residual purebred 3 1.0 .72 
Specific combining ability 2 6.9 .84 
Parity 2 5.4 .06 
Parity X maternal heterosis 2 13.4 .15 
Inbreeding 1 .1 .00 
Litter residual 860 4 .5**  .53**  
Sex 1 .0 16.15** 
Sex X individual heterosis 1 6.6 .54 
Sex X maternal heterosis 1 5.6 .00 
Sex X general comb, ability 3 13.7*  .37 
Slaughter weight 1 (0) 17.6*  68.27**  
Residual 975 (976) 3.1 .34 
Total 2029 
^See text for description of sources and F-tests. 
A(P<.05). 
**(?< .01) .  
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Backfat LEA %FCM Marbling Color D85FCM 
.323**  10.30**  78.1**  1.14 1.08 8953**  
.762**  26.97**  101.8* .14 .12 0 
.389**  7 .67**  117.6**  3 .56**  .12 2810** 
.773**  8 .87**  187.9**  7 .28**  2 .61**  2862**  
.000 .00 3.5 .08 .08 24 
.065**  1.17** 19. 7* .43**  .31*  376**  
.188**  1 .97*  42.0** 5.33**  3 .29**  1365**  
.074 .84 .3 .81 2.79**  46083**  
.077 .10 6.5 .20 .88*  305 
.050 .65 3.8 1.25*  1.43* 83 
.049 .11 3.1 .22 .15 2180**  
. 066 .43 3.6 .15 .04 92 
.189*  .82 41.9*  .02 .16 815 
.033**  . 56** 9.  0**  .31*  .25*  245**  
1 .597**  15.57**  475.9**  .05 .03 152 
.054 .80 .0 .60 .13 1143** 
.011 2.55**  44.6**  .04 .00 819**  
.210**  .52 32.9*  .48 .10 78 
.938**  5 .73**  65.0**  — — 
.022 .35 5.5 .28 .21 123 
Table 37. Means'^ for Phase I breed 
D 
combinations — individual pigs 
Breed No. W]i W21 W56 W154 
CC-CC 212 2. 92 .07 12.79 + .29 36.8 + 1.0 173.0 
-f 2.8 
CC-DD 216 3. 78 .07 14.54 + .29 43.4 0.9 206.5 ± 2.8 
CC-HH 214 3. 22 .07 14.12 + .29 40.7 + 0.9 192.8 ± 2.8 
CC-YY 225 3. 09 .07 14.19 + .29 42.3 + 0.9 199.6 ± 2./ 
DD-CC 281 3. 03 .06 13.65 + .27 41.3 + 0.9 201.1 ± 2.6 
DD-DD 239 3. 51 .07 13.54 + .30 40.1 + 1.0 193.5 ± 2.8 
DD-HU 223 3. 16 .07 14.64 + .29 43.8 ± 0.9 202.6 ± 2.8 
DD-YY 194 2. 99 .07 14.15 + .30 42.9 + 1.0 209.8 ± 2.8 
HH-CC 226 2. 97 .07 13.25 + .30 38.9 + 1.0 192.5 
4- 2.8 
HH-DD 141 3. 65 .07 14.65 + .32 44.1 + 1.0 207.7 + 3.1 
HH- i m  181 3. 15 .07 13.33 + .30 38.4 + 1.0 180.7 ± 2.9 
IIH-YY 209 3. 16 .07 14.66 + .30 42.4 + 1.0 205.6 2.9 
YY-CC 284 2. 94 d .06 13.20 .28 41.0 + 0.9 195.9 ± 2.6 
YY-DD 212 3. 58 ± .07 14.05 + .30 43.7 i 1.0 211.5 ± 2.9 
YY-HH 226 3. 25 .07 14.54 ± .30 42.9 ± 1.0 202.1 ± 2.8 
YY-YY 275 2. 89 :  .07 13.71 + .28 40.5 ± 0.9 185.5 ± 2.6 
D220 
193.2 
162.2 
172.3 
167.8 
167.1 
174.6 
164.9 
162.9 
172.6 
160 .2  
185.9 
163.3 
170.3 
160.4 
165.5 
179.4 
2.4 
2.4 
2.4 
2.4 
± 2,2 
+ 
+ 
+ 
2.4 
2.4 
2.4 
± 2.4 
±  2 . 6  
± 2.5 
± 2.5 
± 2.3 
± 2.5 
± 2.4 
± 2.3 
ADG 
1.351 
1 . 6 0 1  
1.508 
1.541 
1.564 
1.505 
1.571 
1.630 
1.514 
1.615 
1.402 
1.603 
1.524 
1.650 
1.580 
1.437 
. 0 2 2  
. 022  
. 0 2 2  
.021 
.020 
. 0 2 2  
.021  
.022 
.022  
.024 
.022 
.022 
.020 
. 0 2 2  
. 0 2 2  
.021 
^Least squares mean ± standard erroi". 
^Letters before hyphen indicate breed of sire—reciprocals pooled. Letters after hyphen indicate 
breed of dam—reciprocals pooled. 
Table 38. Means for Phase II breed combinations—individual pigs^ 
Breed No. WB W21 W56 W154 D220 ADC 
CC-CD 222 3 .36 + .05 14.32 + .21 41.0 ± . 7 187.2 ± 2.0 178.8 + 1,7 1.454 
+ 
.016 
CC-CH 186 3.08 + .05 14.11 + .21 39.6 ± . 7 180.4 + 2.0 183.9 ± 1,7 1.407 
+ 
.016 
CC-CY 204 3 .02 + .05 14.14 ± .21 40.4 ± . 7 183.8 + 2.0 181.7 ± 1,8 1.424 ± .016 
])D-CD 207 3.28 + .05 14.25 ± .21 41.6 ± .7 194.7 2.0 172.0 ± 1.7 1.512 + . 016 
])D-DH 220 3.34 .05 14.74 ± .22 43.9 ± .7 195.5 + 2.0 170.9 + 1,8 1.516 + .016 
DD-DY 182 3.26 + .05 14.50 ± .22 42.4 ± . 7 199.1 + 2,1 169.9 ± 1,8 1.545 
+ 
.016 
HH-CH 181 3.07 ± .05 13.94 ± .22 39.5 ± . 7 184.0 2.1 180.4 ± 1,8 1.436 
+ 
.016 
HH-DH 193 3.41 + .05 14.65 + .23 42.2 ± . 7 191.6 ± 2,2 174.2 + 1,9 1.486 
+ 
.017 
HH-HY 126 3.17 + .05 14.65 + .22 41.3 ± .7 190.5 ± 2.1 175.7 ± 1,8 1,480 
+ 
.016 
YY-CY 200 2.92 ± .05 14.10 ± .21 41.7 ± . 7 188.1 2,0 176.0 ± 1.7 1.458 
+ 
.015 
YY-DY 200 3.24 ± .05 14.53 ± .22 43.1 ± . 7 195.9 + 2,1 171.1 1.8 1.521 
+ 
. 016 
YY-HY 150 3.08 + .05 14.78 ± .22 42.7 ± . 7 191.2 ± 2,1 173.6 1.8 1.486 
+ 
.016 
CD-CC 148 2.98 ± .05 13.22 ± .22 39.0 ± . 7 187.1 + 2.0 180.1 ± 1.7 1.458 
+ ,015 
CH-CC 185 2.95 ± .05 13.02 ± .22 37.8 ± .7 182.8 + 2,0 182.9 ± 1.8 1.433 ± ,016 
CY-CC 151 2.93 ± .05 12.99 ± .21 38.8 ± .7 184.5 + 2,0 181.8 + 1,7 1.438 
+ ,016 
CD-DD 129 3.65 ± .05 14.04 ± .22 41.8 ± . 7 200.0 4- 2,1 168,3 + 1,8 1.553 
+ ,016 
DH-DD 146 3.58 ± .05 14.09 ± .23 42.1 ± . 7 200.6 + 2.2 167,4 ± 1,9 1.560 
+ 
.017 
DY-DD 112 3.55 ± .05 13.79 ,23 41.9 ± . 7 202.5 ± 2.1 167.5 ± 1,8 1.577 
t 
.017 
CH-HH 172 3.19 ± .05 13.72 ± .22 39.5 ± . 7 186.7 ± 2.1 179.1 + 1,8 1.455 ± .016 
DH-HH 144 3.15 + .05 13.98 ± .21 41.1 ± .7 191.6 ± 2.0 175.4 + 1,8 1.487 ± .016 
HY-HH 107 3.20 4 .05 13.93 ± .22 40.7 ± . 7 191.4 -4- 2.1 175.7 ± 1.8 1.491 ± .016 
CY-YY 114 2.99 + .05 13.95 ± .21 41.5 ± . 7 192.5 ± 2.0 173,6 ± 1.7 1.489 
t 
.015 
DY-YY 191 2.94 + .05 13.93 ± .21 41.7 ± . 7 197.6 ± 2.0 171,2 + 1.7 1.533 ± .015 
HY-YY 167 3.02 + .05 14.18 ± .21 41.5 ± . 7 195.5 ± 2.0 171.4 + 1.7 1.520 
+ 
.016 
N3 
O 
^See table 37 for further description. 
cî b 
Table 39. Means for Phase I breed combinations —litter size 
Breed No. NB NBA N21 N56 N154 
cc-cc 33 10.16 + .45 9.47 + .43 7.24 + .41 7.17 + .41 6.63 _t_ .41 
CC-DD 33 8.59 4 .45 8.15 + .43 6.94 4- .41 6.88 + .41 6.83 .41 
CC-HH 33 9.06 + .45 8.33 + .43 6.98 + .41 6.91 + .41 6.91 ± .41 
CC-YY 29 10.33 ± .47 9.81 .45 8.15 + .42 8.13 + .42 7.94 ± .42 
DD-CC 36 10.32 + .44 9.87 + .42 8.23 ± .40 8.11 + .39 8.00 ± .40 
DD-DD 38 8.88 ± .45 8.36 + .43 6.55 + .40 6.51 + .40 6.26 .40 
DD-HH 31 9.20 ± .46 8.43 + .44 7.64 ± .41 7.60 + .41 7.51 ± .41 
DD-YY 31 9.67 4- .46 9.05 + .44 7.37 + .41 7 25 + .41 6.94 ± .41 
HH-CC 31 10.63 + .46 10.02 + .44 7.88 + .42 7.78 + .42 7.49 ± .42 
HH-DD 21 9.04 ± .50 8.39 + .47 7.24 ± .45 7.22 + .45 6.92 4- .45 
HH-HH 30 9.19 4- .45 8.75 + .43 6.79 + .41 6.66 + .41 6.21 -f .41 
HH-YY 29 9.84 4 .47 9.30 + .45 8.58 + .41 8.53 + .41 8.34 ± .41 
YY-CC 34 10.67 4 .45 10.25 + .43 8.58 + .41 8.53 + .41 8.34 .41 
YY-DD 34 8.28 + .46 7.77 + .44 6.51 4- .41 6.41 + .41 6.18 .41 
YY-HH 34 8.61 + .46 8.05 + .44 6.98 + .41 6.92 + .41 6.80 .41 
YY-YY 36 11.00 + .45 10.39 + .43 8.50 4- .40 8.33 + .40 7.92 4- .40 
^Least squares means ± standard error. 
^Letters before hyphen indicate breed of sire—reciprocals pooled. Letters after hyphen 
indicate breed of dam—reciprocals pooled. 
Table 40. Means'^ for Phase I breed combinations —litter weight 
Breed No. TB TBA T21 T56 T154 
cc-cc 33 27.5 + 1.3 26 .0 + 1.2 92.9 + 5.4 265 + 17 1154 1 80 
CC-DD 33 31.6 + 1.3 30 .1 + 1.2 101.5 + 5.4 299 + 17 1407 ± 80 
CC-IIH 33 27.3 1.3 25, .6 + 1.2 98.1 + 5.4 281 + 17 1323 ± 80 
CC-YY 29 30.2 + 1.3 29. ,0 + 1.3 115.4 + 5.5 344 + 17 1572 ± 83 
DD-CC 36 30.0 + 1.2 29, ,0 + 1.2 111.4 + 5.2 331 + 16 1599 ± 78 
DD-DD 38 29.0 ± 1.2 27. ,7 + 1.2 88.0 + 5.3 259 + 16 1211 ± 79 
DD-HH 31 27.8 + 1.3 25. ,8 + 1.3 110.7 + 5.5 330 + 17 1512 4 82 
DD-YY 31 27.5 ± 1.3 26. 2 + 1.2 104.8 + 5.4 309 + 17 1449 ± 81 
HH-CC 31 29.7 + 1.3 28.  5 + 1.3 103.5 + 5.5 298 + 17 1436 ± 82 
HH-DD 21 31.7 + 1.4 29. 9 + 1.4 106.3 + 5.9 315 + 18 1433 + 88 
HH-HH 30 27.3 + 1.3 26. 3 ± 1.2 91.2 ± 5.4 254 + 17 1121 + 81 
HH-YY 29 29.1 + 1.3 27. 9 + 1.3 108.9 5.6 310 + 17 1429 ± 83 
YY-CC 34 29.7 + 1.3 29. 0 + 1.2 113.1 ± 5.4 347 + 17 1627 1 80 
YY-DD 34 28.6 + 1.3 27. 3 + 1.2 92.6 + 5.4 280 + 17 1311 ± 81 
YY-HH 34 26.3 + 1.3 25. 0 + 1.3 101.1 ± 5.4 296 + 17 1371 81 
YY-YY 36 29.8 1.2 28.  + 1.2 114.1 + 5.3 335 ± 16 1467 4 79 
^Least squares mean ± standard error. 
'^Letters before hyphen indicate brt^ed of sire—reciprocals pooled. Letters after hyphen indicate 
indicate breed of dam--reciprocals pooled. 
Table 41. Means for Phase II breed combinations—litter size^ 
Breed No. NB NBA N2] N56 N154 
CC-CD 30 10.29 + .33 9. 76 + .32 7.65 + .30 7.55 + .30 7.21 
+ 
.30 
CC-CH 24 10.53 + .34 9. 85 + .32 7.67 + .30 7.57 + .30 7.25 + .30 
CC-CY 25 11.16 + .34 10. 59 + .32 8.26 + .31 8.18 + .31 7.76 + .31 
DD-CD 29 10.52 + .33 10. 07 .32 7.95 + .30 7.83 + .30 7.61 
+ 
.30 
DD-DH 29 9.96 + .34 9. 35 + .32 7.65 + .31 7.58 + .30 7.36 + .31 
DD-DY 23 10.19 + .34 9. 66 + .33 7.52 + .31 7.40 + .31 7.08 
+ 
.31 
HH-CH 27 10.83 + .34 10. 34 + .32 7.90 + .31 7.74 + .31 7.33 
+ 
.31 
HH-DH 27 10.03 + .35 9. 52 ± .33 7.58 + .31 7.46 + .31 7.04 
+ 
.31 
HH-HY 20 10.43 + .34 9. 97 ± .33 7.68 + .31 7.54 + .31 7.07 + .31 
YY-CY 25 11.75 + .34 11. 27 ± .32 9.10 + .30 8.95 + .30 8.61 
+ 
.30 
YY-DY 25 10.55 + .34 10. 03 ± .33 8.07 + .31 7.89 + .31 7.53 ± .31 
YY-HY 20 10.72 ± .34 10. 17 ± .33 8.30 + .31 8.15 + .31 7.84 
+ 
.31 
CD-CC 19 10.24 + .33 9. 67 ± .32 7.73 + .30 7.64 + .30 7.31 + .30 
CH-CC 25 10.39 ± .34 9. 74 ± .32 7.56 + .31 7.47 + .30 7.06 + .31 
CY-CC 21 10.41 + .34 9. 86 ± .32 7.91 + .31 7.85 + .30 7.49 + .30 
CU-DI) 19 8.73 + .34 8. 26 ± .33 6.74 + .31 6.69 + .31 6.54 + .31 
DH-DD 24 8.96 + .35 8. 38 ± .34 6.89 + .32 6.78 + .32 6.59 + .32 
DY-DD 20 8.58 ± .34 8. 07 ± .33 6.53 + .31 6.46 + .31 6.22 + .31 
CH-HH 25 9.12 + .34 8. 54 ± .32 6.88 + .30 6.79 + .30 5.56 + .30 
DH-HH 19 9.20 + .34 8. 59 ± .32 7.21 + .30 7.13 + .30 6.86 + .30 
HY-HH 17 8.90 + . 34 8. 40 ± .32 6.88 + .31 6. 79 + .30 6.50 + .31 
CY-YY 15 10.66 .34 10. 10 + .32 8.32 + .31 8.23 + .30 7.93 + .30 
DY-YY 23 10.33 + .33 9. 72 + .32 7.93 + .30 7.79 + .30 7.43 + .30 
HY-YY 21 10.42 + .34 9. 84 + .32 7.98 + .31 7.86 + .30 7.45 + .30 
^Refer to table 39 for complete description. 
Table 42. Means for Phase II breed combinations 
Breed No. TB 
CC-CD 30 32.3 + 
CC-CH 24 30.6 ± 
CC-CY 25 32.0 ± 
DD-CD 29 32,7 ± 
DD-DH 29 31.6 ± 
DD-DY 23 31.5 ± 
HH-CU 27 31.7 ± 
HH-DH 27 32.7 
HH-HY 20 31.4 ± 
YY-CY 25 32.9 ± 
YY-DY 25 32.4 ± 
YY-HY 20 31.2 ± 
CD-CC 19 28.8 ± 
CH-CC 25 28.6 ± 
CY-CC 21 28.6 ± 
CD-Dl) 19 30.3 ± 
DH-DD 24 30.4 ± 
DY-DU 20 28.8 ± 
CH-HH 25 27.3 ± 
DH-HH 19 27.6 ± 
HY-HH 17 26.8 ± 
CY-YY 15 30.0 ± 
DY-YY 23 28.7 ± 
HY-YY 21 29.4 ± 
TEA 
0.9 31. 3 + 0.9 
0.9 29. 0 ± 0.9 
1.0 30. ,8 + 0.9 
0.9 31. 6 + 0.9 
1.0 30. ,0 0.9 
1.0 30. 2 ± 0.9 
1.0 30. ,6 ± 0,9 
1.0 31. 3 1.0 
1.0 30.  4 + 0.9 
0.9 32.  0 + 0.9 
1.0 31. 0 + 0.9 
1.0 30. 0 + 0.9 
0.9 27. 5 + 0.9 
1.0 27. 3 + 0.9 
0.9 27. 5 ± 0.9 
1.0 28.  9 + 0.9 
1.0 28.  B + 1.0 
1.0 27. 5 + 0.9 
0.9 25. 9 + 0,9 
0.9 26. 1 + 0.9 
1.0 25. 7 + 0,9 
0.9 28,  8 + 0,9 
0,9 27. 3 + 0.9 
0.9 28, 2 + 0.9 
^Refer to table AO for complete description 
total litter weight^ 
T21 T56 T154 
110.2 + 3.9 311 ± 12 1358 ± 59 
108,5 4.0 302 ± 12 1316 + 60 
117.2 + 4.1 334 ± 13 1440 61 
112,7 + 4.0 324 + 12 1482 + 59 
112.3 4 4.0 324 + 12 1439 + 60 
109.4 ± 4.1 313 + 13 1407 + 61 
110.3 ± 4.0 306 + 12 1355 ± 60 
111,7 + 4,1 314 + 13 1354 + 62 
113.0 + 4.1 311 + 13 1352 + 61 
126,6 + 4,0 370 + 12 1624 + 60 
116.3 + 4.1 337 + 13 1466 + 61 
120.6 ± 4.1 345 + 13 1496 + 61 
102,1 + 4.0 298 + 12 1377 + 59 
98.2 + 4.0 281 + 12 1295 60 
103.0 + 4.0 306 + 12 1391 + 60 
94.8 + 4.1 279 + 13 1309 + 61 
97,1 ± 4,2 287 + 13 1322 + 63 
90,3 ± 4,1 269 + 13 1261 + 61 
94.6 + 4.0 268 + 12 1222 60 
100,9 ± 4.0 292 + 12 1317 60 
96,1 ± 4.0 275 12 1246 + 60 
114.8 ± 4.0 340 ± 12 1520 ± 60 
109.4 ± 3,9 322 + 12 1458 ± 59 
111,5 ± 4 . 0  322 + 12 1448 60 
Table 43. Means^ for Phase I breed combinations^—carcass traits 
Breed No. Yield Length Backfat 
Units (%) (in.) (in.) 
CC-CC 51 73.98 ± .27 30.34 ± .10 1.307 ± .024 
CC-DD 63 73.18 ± .25 30.61 ± .09 1.395 ± .023 
CC-HH 65 73.38 ± .25 30.60 ± .09 1.308 ± .023 
CC-YY 57 73.67 ± .26 30.78 ± .09 1.363 ± .023 
DD-CC 68 73.73 ± .25 30.30 ± .09 1.381 ± .022 
DD-DD 67 72.64 ± .26 30.43 ± .09 1.398 ± .023 
DD-HH 61 72.85 ± .26 30.67 ± .09 1.292 ± .023 
DD-YY 56 73.77 ± .26 30.84 ± .09 1.346 ± .023 
HH-CC 61 73.82 ± .26 30.67 ± .09 1.241 ± .023 
HH-DD 39 72.76 ± .28 31.04 ± .10 1.238 ± .025 
HH-HH 56 72.79 ± .26 30.81 ± .09 1.182 ± .023 
HH-YY 55 73.39 ± .27 31.01 ± .09 1.253 ± .024 
YY-CC 68 73.68 ± .25 30.79 ± .09 1.365 ± .022 
YY-DD 64 73.23 ± .26 31.17 ± .09 1.362 ± .023 
YY-HH 67 72.95 ± .26 30.96 + .09 1.323 ± .023 
YY-YY 68 73.53 ± .25 31.13 ± .09 1.317 ± .023 
^Least squares means ± standard error. 
^Letters before hyphen indicate breed of sire—reciprocals pooled. 
Letters after hyphen indicate breed of dam—reciprocals pooled. 
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LEA. %FCM Marbling Color D85FCM 
(in. 2) (%) (1-5) (1 -5) (days) 
5.18 + .10 54.1 + .4 2.91 + .07 3.01 + . 06 182.3 ± 2.0 
5.14 + .09 53.5 + .4 2.87 + .07 2.87 + . 06 156.7 ± 1.9 
5.37 + .09 54.6 + .4 2.49 + .07 2.59 + .06 160.3 ± 1.9 
5.30 + .10 54.1 + .4 2.72 + .07 3.03 + .06 158.5 ± 1.9 
5.56 + .09 54.7 + .4 2.92 + .07 2.92 + .06 155.2 ± 1.8 
5.37 + .10 54.2 + .4 2.89 + .07 3.02 + .06 168.3 ± 1.9 
5.64 + .10 55.6 + .4 2.64 + .07 2,78 + .06 153.1 ± 1.9 
5.76 + .10 55.6 + .4 2.60 + .07 2.93 + .06 150.5 ± 1.9 
5.61 + .10 55.8 + .4 2.45 + .07 2.62 + .06 158.1 ± 1.9 
5.46 + .10 55.5 + .4 2.55 + .07 2.76 + .07 152.5 ± 2.1 
5.66 + .10 56.4 -kr .4 2.34 + .07 2.80 + .06 172.2± 1.9 
5.74 + .10 56.2 ± .4 2.28 + .07 2.71 + .06 152.0 ± 2.0 
5.16 + .09 53.6 + .4 2.76 + .07 2.97 + .06 163.4 ± 1.9 
5.21 + .10 53.8 + .4 2.59 + .07 2.82 + . 06 156.9 ± 1.9 
5.36 + .10 54.6 + .4 2.36 + .07 2.62 + .06 159.2 ± 1.9 
5.28 + .09 54.3 + .4 2.54 + .07 2.91 + .06 169.8 i 1.9 
Table 44. Means for Phase II breed combinations—carcass traits^ 
Breed No. Yield Length Backfat 
CC-CD 60 74.01 + .19 30.54 + .07 1.351 .017 
CC-CH 47 74.10 + .19 30.54 + .07 1.308 .017 
CC-CY 48 74.25 + .20 30.63 + .07 1.335 + .017 
DD-CD 58 73.61 + .19 30.43 + .07 1.390 .017 
DD-DH 58 73.17 + .19 30.61 + .07 1.345 + .017 
DD-DY 45 73.63 + .20 30.70 + .07 1.372 ± .018 
HH-CH 52 73.73 + .19 30.80 + .07 1.212 ± .017 
HH-DH 54 73.20 + .20 30.99 + .07 1.210 + .018 
HH-HY 35 73.51 + .19 30.98 + .07 1.218 ± .017 
YY-CY 49 74.03 + .19 31.03 + .07 1.341 + .017 
YY-DY 49 73.80 + .19 31.22 + .07 1.340 .017 
YY-HY 35 73.66 + .20 31.12 + .07 1.320 ± .017 
CD-CC 36 73.85 + .19 30.32 + .07 1.344 ± .017 
CH-CC 49 73.90 + .19 30.51 + .07 1.274 + .017 
CY-CC 39 73,83 + .19 30.57 + .07 1.336 + .017 
CD-DD 36 72.91 + .20 30.52 + .07 1.396 + .017 
DH-DD 48 72.70 + .20 30.74 + .07 1.318 .018 
DY-DD 35 72.94 + .20 30.80 + .07 1.380 ± .017 
CH-HH 48 73.08 + .19 30.70 + .07 1.245 + .017 
DH-HH 36 72.82 + .19 30.74 + .07 1.237 .017 
HY-HH 31 72.87 + .19 30.89 + .07 1.253 .017 
CY-YY 27 73.60 + .19 30.95 + .07 1.340 + .017 
DY-YY 46 73.65 + .19 30.99 + .07 1.332 .017 
HY-YY 42 73.46 + .19 31.07 + .07 1.285 .017 
^Raf er to table 43 fi 3r complete description. 
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LEA %FCM Marbling Color D85FCM 
5.16 + .07 53.6 + .3 2.87 + .05 2.92 + .04 169.9 + 1.4 
5.27 + .07 54.2 + .3 2.68 ± .05 2.78 + .05 171.7 + 1.4 
5.24 + .07 54.0 + .3 2.79 + .05 3.00 + .05 170.7 + 1.5 
5.47 + .07 54.3 + .3 2.89 + .05 2.94 + .04 162.1 1.4 
5.51 + .07 54.8 + .3 2.74 ± .05 2.88 + .05 161.1 + 1.4 
5.57 ± .07 54.7 + .3 2.72 + .05 2.95 + .05 159.8 + 1.5 
5.64 + .07 56.0 + .3 2.37 + .05 2.69 + .05 165.5 + 1.4 
5.56 + .07 55.8 + .3 2.43 + .05 2.76 + .05 162.7 + 1.5 
5.70 ± .07 56.2 + .3 2.29 ± .05 2.73 + .05 162.5 + 1.4 
5.22 .07 53.8 + .3 2.63 ± .05 2.92 + .04 167.0 1.4 
5.24 ± .07 53.9 + .3 2.54 ± .05 2.84 + .05 163.8 + 1.4 
5.32 + .07 54.3 + .3 2.43 ± .05 2.74 + .05 164.9 + 1.4 
5.37 ± .07 54.4 + .3 2.92 ± .05 2.96 + .04 168.7 + 1.4 
5.40 + .07 54.9 + .3 2.68 + .05 2.82 + .05 170.2 + 1.4 
5.17 ± .07 53.9 + .3 2.84 ± .05 2.99 + .05 172.8 + 1.4 
5.26 + .07 53.8 + .3 2.88 ± .05 2.94 + .05 162.5 + 1.4 
5.42 + .07 54.9 + .3 2.72 ± .05 2.89 + .05 160.4 + 1.5 
5.29 .07 54.0 + .3 2.74 ± .05 2.92 + .05 162.6 + 1.5 
5.51 + .07 ' 55.5 4- .3 2.42 ± .05 2.69 + .04 166.3 + 1.4 
5.65 + .07 56.0 + .3 2.49 ± .05 2.79 + .04 162.7 + 1.4 
5.51 ± .07 55.5 + .3 2.35 ± .05 2.71 + .04 165.7 + 1.4 
5.29 + .07 54.2 + .3 2.63 ± .05 2.97 + .04 164.1 + 1.4 
5.52 + .07 55.0 + .3 2.57 + .05 2.92 + .04 160.2 + 1.4 
5.51 + .07 55.2 + .3 2.41 + .05 2.81 + .05 160.9 + 1.4 
